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GEOLOGIE EN MINBOUW 


_QUATERNARY CHANGES IN LEVEL ESPECIALLY IN THE NETHERLANDS 


"A SYMPOSIUM, ORGANISED BY THE GEOLOGICAL SECTION, ROYAL NETHERLANDS 
GEOLOGICAL AND MINING SOCIETY, HELD AT UTRECHT, MARCH 5 AND 6, 1954 


INTRODUCTION 


In opening the session on Quaternary changes in level especially in the Netherlands, the 

president of the Geological Section of the Royal Netherlands Geological and Mining Society, 
| Mr. A. van Weelden, speaks a word of welcome to all who have shown interest. He men- 
“tions especially the foreign participants Prof. Tavernier and his companions from Gent, Dr. 
Be from Hannover and the soil scientists and civil engineers who are taking part in the 
work. 


He points out that, aside from the scientific interest, the problem of relative movements of 
 sealevel and soil in-the Netherlands is one of the greatest practical importance, as has been 
demonstrated again by the disaster which overtook our country in 1953. He hopes that a study 
of this problem by specialists from a large number of allied branches of science, may lead to 
further our knowledge, and that some practical results may be obtained. 
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ESPECIALLY IN THE NETHERLANDS 


EUSTATIC CHANGES OF SEA-LEVEL 
PH. H. KUENEN! 


INTRODUCTION 


The problem with which the present sym- 
posium is concerned is the nature and amount 
of Quaternary changes in level, more especi- 
ally along the coast of the Netherlands. Sea- 
level may show eustatic movements or it may 
be locally influenced by changes in meteoro- 
logical conditions. In an inland sea the tidal 
range can change and thus cause an apparent 
fluctuation of sea-level. The deeper foundation 
of the land may show a general epeirogenic 
movement or local tectonic warping and block 
faulting. Compaction of unconsolidated strata, 
especially the upper few meters may carry the 
land surface downwards. Human activities, 
such as lowering the water table, can aggravate 
this process. Finally reference points, such as 
tide gauges or geodetic marks may undergo 
settling, thus simulating a subsidence of the 
land surface. 


Apparent changes in level are caused by 
coastal erosion or by sedimentation. The re- 
cession of the coast line has often been quoted 
as proof of subsidence, although marine erosion 
is possible on a stable or even on a rising coast 
line. Paleobotanical investigations may reveal 
fluctuations of the water table. These need not 
be due to relative variations of sea-level, but 
may be caused by climatic influences or locally 
by alteration of the drainage pattern, either 
of rivers or of tidal waters. Conversely, a cli- 
matic change need not be world-wide and need 
not cause an eustatic reaction. Last but not 
least the dating of ancient levels is in many 
cases controversial, thus rendering correlations 


doubtf£ul. 


Obviously the problem of changes in level 
is highly complex, but in the past many spe- 
cialists have attempted to arrive at a conclusion 
without taking into account that several dif- 
ferent processes are, or may be involved. 

In the present symposium an attempt must 
be made to distinguish between, on the one 
hand, ascertained facts in each separate field 
of investigation, and on the other the possible 
interpretations. Otherwise there is a danger of 
teasoning in a circle, because insufficiently 


1 Geologisch Instituut, Groningen. 


proved hypotheses will be quoted as es- 
tablished facts by specialists in other fields. 


CAUSES OF EUSTATIC MOVEMENTS 


General statement 

The present paper briefly reviews the geo- 
logical approach to eustatic movements. Pur- 
posely the Netherlands have been ignored 
almost entirely. 

A number of different processes can be 
imagined which might influence sea-level. Of 
some of these it is doubtful whether they have 
played a part or not. Thus a possible shrinkage 
of the earth would concentrate the available 
water on a smaller area, and cause a rise of 
sea-level. Likewise loss of an appreciable 
amount of water to interstellar space forms a 
possibility but is open to doubt. 


However this may be, for the majority of 
possible influences the effect, if present, must 
be so small or so slow that they cannot have 
played a significant part in the development of 
the Dutch coast line since the end of the Ter- 
tiary. Besides the two processes already men- 
tioned there can be added the binding of water 
in chemical weathering of rock, and the volume 
of liquid water in and on the continental 
masses. 


The remaining three geological processes 
which influence sea-level must be examined 
more closely. These are: the addition of water 
to the oceans from the interior of the earth, 
the changes in shape and capacity of the ocean 
basins and the changes in the amount of ice 
on land. 


Juvenile water 


The amount of water sweating from the in- 
terior of the earth was probably great in the 
earliest history of the crust and much less ever 
since. But even if a constant rate has been 
maintained throughout, still the rise in sea-level 
would only amount to one millimeter per 
thousand years. In order to become of sig- 
nifiance in historical times the production of 
juvenile water would have to exceed this figure 
one thousand times. In the writer's opinion 
there is nothing in the present geological 
development of the earth to justify such an 
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extreme departure from the doctrine of uni- 
formity. Hence it will be assumed that escape 
of water from the earth has not influenced sea- 
level in the time with which we are concerned. 


Changes in shape and capacity of the 
ocean basins 


The geological record shows that more or 
less rhythmic eustatic changes of sea-level have 
been going on continually during pre-Qua- 
ternary times. Obviously these cannot be ac- 
“counted for by the formation of land ice, 
because most of the time the poles were not 
glaciated to any significant extent. Long periods 
of slow world-wide transgression have alterna- 
ted with shorter, swifter times of general 
regression. The period may be estimated very 
‚ roughly at about 30 million years. Diastrophic 
rejuvenation of relief, followed by denudation 
and sedimentation have been involved. But the 
present author has attempted to demonstrate 
that external processes are inadequate to 
account for the observed transgressions. 
(KUENEN, 1939, 1950). Hence internal de- 
formations must be held responsible for the 
major part of the eustatic movements in pre- 
glacial times. 

For the present purpose an estimate must be 
made of the amount and the velocity of these 
eustatic movements. The amount can be ex- 
pressed as an absolute movement with relation 
to the core of the earth. A theoretical upward 
limit is set to these absolute movements by the 
volume of terrestrial matter (water + rock). 
If all land were baselevelled sea-level would 
not rise more than 250 m above its present 
position. There is no obvious theoretical limit 
to the downward movement for the larger the 
total mass of land raised above sea-level, the 
lower the latter must drop. Neither is there a 
restriction to the apparent eustatic changes 
‚relative to the mass of the continental blocks 
if vertical movements of the latter are pos- 
tulated. 

However, an estimate of eustatic changes 
can be based on the extent to which the con- 
tinents have been flooded in the past. Even 
during the most extensive transgressions nO 
more than half the continental area was flooded 
and there may have been land beyond the pre- 
sent coast lines to increase the non-flooded 
area of land. Even if it is assumed that the 
relief of the remaining dry land was low, sea- 
level cannot have been more than 200 meters 
above its present relative position, and pro- 
bably it has seldom risen more than 100 meters 
relatively. 
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An estimate for the lower limit is more dif- 
ficult. But there are indications that, apart from 
glacial influences, the Recent is a period of 
rather extreme regression. Epicontinental seas 
are of small extent and denudation is going on 
rapidly since the powerful orogeny of the 
Tertiary. To this is added at the present time 
a drop in consequence of ice formation on 
land. 


Hence it may be assumed that in the geo- 


“ logical past sea-level seldom sank below the 


present position and that it swung up and down 
200 meters or less to cause the rhythmic trans- 
and regressions of the past. T'he writer con- 
siders this a high estimate. It applies to the 
movement with relation to continental blocks. 
The absolute amounts are less and depend on 
the relief of the dry land. 

On the basis of the above estimates the slow 
rise during periods of transgression averaged 
very roughly one millimeter per century. The 
opposite movements were swifter, but there 
are no data on which to base an estimate. 

There may have occurred minor but swifter 
oscillations superposed on these gradual move- 
ments. However, it appears highly improbable 
that eustatic shifts caused by non-climatic in- 
fluences ever exceed one centimeter per centu- 
ry. Hence, to the author’s mind, the conclusion 
is warranted that non-glacial eustatism is not 
important for human problems or post-glacial 
geology. 

It is worth noting that if only moderate 
transgressions are recorded in the rocks of the 
continents, and if it is postulated that the water 
in the oceans has not been supplied suddenly 
at a later date in earth history, then one is 
forced to assume that ocean basins have 
existed since early times. 


Glacial eustatism 


Growth and decay of continental ice 
during the Quaternary has lowered and raised 
sea-level. Many authors have attempted to 
estimate the amounts involved. The basis used 
was either the volume of ice or morphological 
evidence. 

The most recent estimates based on the 
volume of ice (FLINT, 1947; VALENTIN, 1952) 
result in a sea-level 120 meters lower than the 
present for the maximum extent of land ice, 
100 meters for the last ice age, and a rise of 
90 meters above the present for an ice-free 
world (AHLMANN, 1953). Isostatic reaction 
of the ocean floor to varying load may have 
occurred, but neither the amount nor the posi- 
tion of the hinge lines are known. Hence all 
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we can say is that the figures given probably 
err on the large side. Thus AHLMANN considers 
+ 60 meters a minimum value for sea-level 
on an ice-free world after isostatic adjustments. 
A few years ago 25 to 40 meters was the 
estimate. Although measurements of ice thick- 
nesses in Greenland and Antarctica have led 
to doubling this figure, the writer prefers a 
more conservative estimate of 50 meters, 
especially as some ice may have been present 
even during the mildest Pliocene and Pleisto- 
cene times. 

Morphological evidence on fluctuations of 
Pleistocene sea-level is obtained by tracing 
submerged river beds across the continental 
shelf, and measuring depth of submerged rock 
gorges at the present coast (e.g. UPSON, 1949). 
Some writers assume that the continental shelf 
was cut down by wave action, presumably to 
a few meters below lowered sea-level. Atoll 
platforms may have been bevelled to that level. 

As figures of the same order of magnitude 
are found by all methods an overall estimate 
for glacial lowering of sea-level by an amount 
between 70 and 140 meters below the present 
appears to be justified. About 90 meters for 
the last ice age and 120 for the maximum may 
be assumed. 

Morphological evidence for high sea-levels 
during the successive maximum retreats of the 
ice is obtained from ancient shore lines. A very 
large amount of work has been done on raised 
beaches, but the results are still far from satis- 
factory. "The various contemporaneous features 
of coastlines such as storm beaches, cliffs and 
notches, erosion and solution terraces, fillings 
of lagoons, etc., are formed at significantly 
differing levels especially on tidal coasts. Use- 
ally no sharp distinction has been made be- 
tween these elements when levels have been 
measured and the elevations were mostly taken 
coughly, or even with pre-conceived ideas in 
mind as to the heights which can be expected. 
Regular levels have been claimed for coasts 
which according to later workers have under- 
gone great vertical displacements (GORTAN], 
1952). I£ this criticism is valid the fixed levels 
in these areas must be illusionary. 

Another unsolved problem is formed by the 
high altitude of some terraces, up to 105 and 
even 180 m above sea-level, almost certainly 
far above ocean-level for an ice-free world. 
As the benches appear to be progressively 
older going up, glacial eustatism is thought to 
be superposed on a gradual world-wide drop 
of sea-level. It would lead us too far to discuss 
this matter here and only the younger levels 


that appear to be eustatic need be considered. 
Averaging the elevations given by ZEUNER 
(1952) the following picture is obtained: 


Great interglacial 

two levels at 43 m and 32 m [45 m*] 
Last interglacial 

two levels at 17 m and 7 m [30 m*]** 


First interstadial of last glaciation 
im Wer, 
Postglacial 3,5.m: 1230 | 


The highest of these is admittediy rather 
above former estimates for an ice-free world. 
However, the glacial-eustatic explanation is 
favoured by the probable synchronism of 
widely separated beaches of identical altitude, 
and the last estimates on present ice volume 
also allow well over 40 meters. 

The 17 m level is of particular interest for 
our present purpose because it should probably 
be correlated with the maximum of the "Eem” 
transgression. To illustrate the importance of 
general aspects for the interpretation of local 
history some words may be said on this 
subject. 

The top of the-Eem-beds lies at minus 7 to 
25 min the Gelderse Vallei and minus 20 to 
30 m in Noord-Holland. Assuming an age of 
150,000 years and taking sea-level at + 17 
meters the secular subsidence has been 2 cm 
and 3 cm for the two areas respectively. Un- 
certainties in the estimates for the age, for the 
level of the eustatic terrace, and for the position 
of the Eem beds with relation to sea-level at 
that time render double these amounts just as 
probable. 

Considering the uncertain character of such 
estimates, these values are in good agreement 
with those obtained some years ago by the 
writer of 4—5 cm average for the Dutch coast 
line (KUENEN, 1941). Obviously the surface 
may be sinking more rapidiy at the present 
time in consequence of compaction, even if the 
rather bold postulate of a constant rate of 
subsidence for the deeper foundation is ad- 
mitted. But the author does believe the evidence 
strongly favours moderate values of subsidence 
with a maximum in the northwest. VAN 
STRAATEN considers that most of the Eem 
deposits are of tidal flat nature (personal com- 
munication). They were therefore formed at 
or not far below sea-level. A contour-map of 
these beds would form a valuable basis for 
roughly estimating the rate of subsidence in 


* In Florida, according to MacNeır (1950). 
** probable dated too young. 
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_ various parts of the Netherlands. It would 
have to be assumed that the surface of the Eem 
beds is about of the same age everywhere. 


Returning to the more general aspects of our 
subject we find that glacial eustatism has shown 
a range of about 150 m. 


The last ice age passed its maximum about 
25,000 years ago. On an average sea-level has 
risen 36 cm per century since then. However, 


there have been several periods of standstill , 


or even slight readvance of the ice front, and 
the highest position was reached 3000 or 4000 
years ago. Hence the average during the active 
periods of melting must have been 50 cm per 
century. The work on warves has shown that 
recession was far above the average for some 
periods. It can therefore be confidently as- 
sumed that these times were marked by a 
.secular rise of sea-level amounting to 100 cm. 
It is by no means excluded that for short 
periods even higher values have occurred. 


RECENT EUSTATISM 
Holocene eustatism 


A point of particular interest is what sea- 
level has done during the last few thousand 
years. DALY (1920) postulated a world-wide 
sinking of ocean level by 6 mete:s, assumed 
to have occurred a few thousand years ago. 
A considerable number of observations have 
later confirmed this higher sea-level (DALY, 
1934). 


What is perhaps the most significant eviden- 
ce, comes from coral reefs. The vast majority 
of islands on atolls and barriers owe their 

“ existence to a relative raising of the founda- 
tion by an amount of a few meters. This is 
born out by evidence from the reefs them- 
selves. Their surface consists of a hard plat- 
form at low tide level cutting across the con- 
solidated mass of the reef with many corals 
in position of growth, the top part missing, 
and well above the level at which they can 
have grown. These reef flats are reported from 
all over the coral seas. The islands are washing 
away and cannot have been formed very long 
ago. 

Recent research in the Pacific has brought 
convincing proof for gradual subsidence of 
some atoll foundations at an average rate of 
one or two millimeters per century. There is 


. -plenty of evidence indicating that this is a 


universal phenomenon. It would be very hard 
to believe that this ubiquitous subsidence has 
been interrupted simultaneously all over the 
coral seas by an elevation of a few meters. 
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That the cause must be sought in an eustatic 
drop of sea-level seems obvious. 

However, there are also certain matters 
which should make us cautious. A late inter- 
glacial age has been proved for some terraces 
at about 7 to 8 m height, and FAIRBRIDGE 
(1948) pointed out that some of the evidence 
for DALY’s eustatic level actually applies to 
the older history. 

From the outset DALY held the view that 
variable heights could be expected, partly 
through inaccurate interpretation and partly 
through localized influences. But the height 
claimed for "Daly-terraces’”' varies between 2 
and 8 meters and that is a rather wider range 
than can be accounted for in the proposed 
manner [e.g. 2.5—3 m in Florida (MACNEIL, 
1950) ]. 

Recently ZEUNER (1952) has brought for- 
ward evidence that there is a Würm inter- 
stadial level at + 1 m and he agrees with 
GODWIN and EDMUNDS that there are two 
post-glacial levels higher than the present. 
Movıus (1953), on the other hand, concludes 
there was a drop after the Atlanticum till AD 
1000 and a rise since then. ZWART (1951) 
came to roughly the same result, but with 
added minor fluctuations and the low level 
2000 years earlier. An example of highly per- 
tinent geological evidence strongly opposing a 
recent drop in sea-level is to be found in 
LEBLANC & BERNARD’s contribution to our 
symposium. 

Is it not more likely in view of these un- 
certainties that we are dealing with the results 
of crustal movement? It should be born in mind 
that elevated shore lines are much more likely 
to be observed than drowned ones and should 
be common on an unstable crust with a stable 
sea-level. However, the height and ages should 
then prove variable whereas in the case of 
eustatic movements constant values would 
obtain. This question cannot yet be answered 
with absolute certainty. Opinion is still strong- 
ly divided on the question at which level beach 
terraces are cut under differing conditions. 
The amount of elevation is therefore open to 
doubt and the age of the shore lines is es- 
tablished in very few cases only. 

Most authors follow DALY’s original sug- 
gestion and correlate the high level with the 
climatic optimum which is now dated roughly 
3000 to 2000 years B.C. But DALY later pointed 
out (1934) that it is probably less than 4000 
years old, otherwise the evidence would have 
been destroyed. He therefore suggested that 
the drop in sea-level may have been caused 
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by delayed isostatic reactions of the sea floor 
at a more recent date. Those seeking to cor- 
relate happenings in the Netherlands with the 
climatic history should bear this possibility in 
mind that sea-level and local climate need not 
be interrelated. 

In a recent paper FAIRBRIDGE and TEICHERT 
(1953), who have both made extensive studies 
of recent elevated beaches, still hold to the 
correlation with the Atlantic warm stage. 

The retreat from the Daly level has oc- 
curred, according to KUENEN, in two sub- 
stages at 1.5—2 and 0.5—1 meters, each a 
rather sudden jump (1933). Later work in 
Australia supports this view (FAIRBRIDGE, 
1948). In the latter area there is evidence of a 
small rise in sea-level since about one cen- 
tury. 

In spite of these various sources of doubt 
the probability of a rather swift eustatic drop 
in sea-level not long ago appears to the present 
writer to be very large indeed. Perhaps the 
amount is better estimated at 3—4 meters than 
6 because the higher interglacial levels, original- 
ly included, will have weighted the average. 
But details as to age, and all suggestions of 
secondary fluctuations must be considered 
merely tentative. 

The question whether there have been lower 
sea-levels in the recent past is even more dif- 
ficult to answer. The possibility certainly 
cannot be excluded, although the testimony of 
coral reefs is rather against it. 

In theory conclusions as to fluctuations of 
sea-level could be drawn from the behaviour of 
glaciers in the past. Unluckily nothing is known 
of the Holocene glaciological history of Ant- 
artica, the principal mass of land ice. Hence 
the reliability of this method is likewise small. 


The record of tide gauges 


Tide gauges are not a geological speciality. 
But perhaps the writer may be permitted a few 
remarks because there are also some general 
aspects to this material, 

The readings of individual tide gauges can 
provide only local information on changes in 
level. To gain insight into the problem of 
general eustatism the average of all stations 
can be used. GUTENBERG (1941) made the 
first attempt. The time covered is from about 
1860 to 1936 and the result is a secular rise of 
12 cm. He excluded stations in areas showing 
post-glacial isostatic rise. Theoretically one 
should also exclude the surrounding strips 
which may be sinking in a counter movement. 
Luckily only few stations were used by 


GUTENBERG that one can suspect on these 
grounds, and two stations in Scotland were 
included that apparently show isostatic rise. 
Hence there are no grounds for doubting the 
validity of GUTENBERG’s conclusion that sea- 
level is rising. 

By adding further stations and more recent 
data VALENTIN (1952) was able to amplify 
GUTENBERG's results. He finds between 10 and 
20 cm per century, the last few decennia show- 
ing a more rapid rise than around 1900. CAIL- 
LEUX (1952) also concludes that the rise has 
increased of latter years and may be 15 cm 
per century for the last two decades. CAHIERRE 
found 14 cm secular rise during the last 50 
years in France and North Africa. H. A. 
MARMER kindly informs the writer that the 
upwara trena to sea-level on the Atlantic-, 
Gulf-, and Pacific coasts of continental United 
States has continued since the last published 
data of 1947. 

The present writer has attempted to draw a 
curve for sea-level during the last century on 
the data used by GUTENBERG and separately 
for the Dutch coast. He has tentatively sug- 
gested that there was a drop in sea-level during 
the glacial advance around 1890 (KUENEN, 
1950). The value of such a review is more to 
focus attention on the relation between gla- 
ciers and sea-level than that positive results 
can already be obtained. For instance, the 
glacier advance of 1890 in the Alps is ap- 
parently not represented in northern regions 
(AHLMANN, 1953), whereas the advance of 
1750 in Scandinavia has no counterpart in the 
Alps. 

The recent investigation by VAN WVEEN 
(1945) and by SAARLOOS (1951) of Dutch 
tide gauges shows how untrustworthy most of 
these are for purposes of studying levels. 
However, using the four more reliable ones 
the impression is gained that sea-level has 
changed little between 1740 and 1820, it has 
then risen until about 1870, dropped till 1880 
or 1890. It has then: risen till 1940 at an average 
velocity of 20 cm per century. Brielle, how- 
ever, shows a drop since 1925. 

This picture accords satisfactorily with the 
writer's former deductions. A certain amount 
must be subtracted for subsidence of the crust. 
Using GUTENBERG's figures this would amount 
to 8 cm per century. On the basis of VALEN- 
TIN's results the subsidence would be almost 
zero. 

A final point to be considered is whether the 
very ancient tendency of the crust below Hol- 
land to subside has been augmented since the 


Ice Age by suberustal” How towards rising 
Scandinavia. 


GUTENBERG, following others, concluded on 
theoretical grounds that subsidence around the 
Scandinavian dome must be quite small (1941, 
p. 764) and DALY estimated a few meters for 
all of post-glacial time (1934). These low 
values are confirmed by strandlines in the 
great lakes formed over North America during 
retreat of the ice. These lines show that the 
updoming ended southwards at a hinge line 
beyond which there was no downwarping. The 
line shifted gradually northwards and the up- 
doming was twice halted for some time. But 
in no case has downwarping been recorded 
(FLINT, 1947, p. 419—425). On these grounds 
the present author is inclined to assume that 
post-giacial ısostasy has very little to do with 
the recent movements in the Netherlands. 

Although a general rise of sea-level during 
the twentieth century is now well established 
the details are still obscure. 

As the number of reliable stations and the 
length of their records grows a more accurate 
picture will gradually emerge. The precipita- 
tion-ablation budget of several representative 
glaciers is now being closely followed (AHL- 
MANN, 1953). The determination of ice thick- 
nesses in Greenland and Antarctica will doubt- 
less be measured in an increasing number of 
places. Soon we ought to be able to draw a 
reliable curve for sea-level and correlate it 
with glacial advances or retreats. It will then 
be possible to ascertain local movements by 
subtracting general eustatism from the record 
of an individual station. Precise levelling should 
be brought into the picture to ascertain if the 
results tally with those obtained from the tide 
gauge readings. This might show up local 
changes in sea-level due to climatic factors. 


The near future 


Those responsible for deciding how high 
dykes in the Netherlands should be made, must 
obviously count with the probability of a 
certain relative rise of sea-level in the future. 
In the long run, however, the main problem in 
this respect is evidently not the absolute 
downward movement of the land surface, nor 
the behaviour of sea-level during the last 
decades or even milennia with the assumption 
that logically the future must show a con- 
- tinuation of this behaviour. 'The sword of 
Damocles hanging over the Low Countries is 
formed by the waters pent up in the ice sheets 
of Greenland and Antarctica. An ad verse shift 
in the water budgets of these countries could 
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easily render the situation critical if not hope- 
less within a century's time, T'here have been 
times since the culmination of the last ice age 
in which a secular rise of 1 meter was attained 
and a third of the ice still remains, plenty to 
repeat this experience. 

Until a satisfactory theory of the ice ages 
has been evolved and a better understanding 
of climatological variations attained, the fore- 
casting of eustatic movements on the basis of 
expected glacial reactions must remain a dis- 
tant objective. 

All that can be said at present is that, apart 
from Antarctica, where the situation is un- 
certain, a general and rapid retreat of glaciers 
is going on in all parts of the world. This cor- 
relates well with the observed rise of sea-level 
at tidal stations. 

The present trend of glacier retreat may 
represent one of the minor fluctuations, such 
as have occurred before in historical times. 
But the possibility cannot be denied that it 
heralds a more severe reduction of the ice. In 
view of what appears to have happened with 
sea-level in the last few thousands of years the 
writer is inclined to take a less pessimistic 
view of the centuries now ahead of us. In his 
opinion the best basis at this moment for pre- 
dictions is extrapolation from the past and not 
to expect a dramatic change for the worse, 
for which there is as yet no positive indication. 

If the present symposium can help somewhat 
to unravel the history of levels in the Nether- 
lands and the part played by the various 
factors involved, it will serve not only a purely 
scientific purpose but it will give some modest 
assistance to those planning the campaign 
against the encroaching sea. 
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DISCUSSION 


Mr. Bennema (Soil Survey Inst.): Important is 
the question if the postglacial rise of the sealevel 
occurred gradually or periodically. Several phenomena 
seem to be periodical. There has been a climatic 
change after # 1850, which has been attributed to 
an increase of atmospheric circulation (L. Lysgaard 
and others), but the past decade has shown a change 
with a different trend. Over longer periods there is 
a periodicity of 500 or 525 years (see Mr. Ben- 
nema’s paper). 

To explain Recent raised beaches on coral islands 
in the Pacific and elsewhere by a general fall of 
the sealevel would be contrary to what we find in 
the Netherlands. Could these terraces not be ex- 
plained in another way: for instance by a rise of 
the islands and continents in and around the oceans, 
or by a change in the shape of the sea surface? In 
the region around the North Sea the high beaches 
have mostly been explained by a rise of the land, 
as for instance the 25 ft. beaches in England. These 
25 ft. beaches have only been found in areas which, 
according to Valentin, are still rising at present. 


Prof. Kuenen is not in favour of a sudden rise 
of the central Pacific region after a long continued 
subsidence, proved by borings in atolls and dred- 
gings on guyots. Also the terraces noted by Fair- 
bridge along the Australian coast cannot very well 
be explained by rising of land, as they occur over 
large areas in rather stable regions. Neither does a 
change in the shape of the sea surface in the Pacific 
seem probable, as large tectonic deformations in a 


short time would be needed. Nor can changes of 
winds or currents have any effect in the open ocean. 
as they would have in partly closed-in seas. 


These facts do not appear to harmonize with 
conditions in the Netherlands as interpreted by 
Mr. Bennema, and Prof. Kuenen wants to leave 
open the question at this moment. 


Prof. Bakker (Amsterdam) mentions river ter- 
races in Surinam of 2 m, 4 m and 6 m above high 
water level respectively, which all seem to consist 
of a lower and older part, composed of stratified 
koalin and white sands, and a younger cover of 
yellow brown and brown red sandy clays. He thinks 
that Daly's raised beaches may have very different 
ages and recommends great caution in drawing con- 
clusions from them. 


Prof. Smit Sibinga (Amsterdam) remarks that 
Capt. Giaever, leader of the Norwegian-British- 
Swedish Expedition to Queen Maud Land, in his 
recent lectures mentioned the fact that the ice sheet 
in Antarctica has not receded, and may even have 
advanced. 


Prof. Jacoba Hol (Utrecht) also stresses the im- 
portance of the observations made in Queen Maud 
Land pointing to no loss of glacier volume, A 
prediction as to future climates is not justifiable. 
The present time may be an interglacial as well as 
a postglacial period; it seems ultimately to depend 
upon solar variations. 


Dr. Pannekoek (Geolog. Survey) quotes some 


conclusions from Ahlmann’s 1952 lecture in 
Washington. There are some indications that the 
climatic optimum in the Arctic of the past decades 
has passed its culmination point. This does not 
necessarily mean that a general glacier advance and 
lowering of the sealevel may be expected in the 
near future, the relation between climate and glacier 
regime being rather complex. Though some glaciers 
are advancing now, the majority are still retreating, 
and the sea-level is still rising. 


Prof. Florschütz (Leiden) also mentions the con- 
tinuing glacier retreat in the Eastern Alps, whereas 
Prof. Bakker quotes the impression of Swiss, Ger- 
man and Austrian glaciologists, that the maximum 
of glacier retreat is now past. 


Mr. van Weelden (B.P.M.) calls attention to 
Sir Edward Bullard’s opinion about a deviation of 
the Gulf Stream towards the East by the accumula- 
tion of morainic material on the ridge in the 
Northern Atlantic, extending from Scotland to 
Greenland, which caused Greenland to become 
colder and Scandinavia warmer. 


Prof. Rutten (Utrecht) mentions rhythmic glacier 
variations in Iceland similar to those known in 
- Greenland, and presenting a periodicity like that 
mentioned by Mr. Bennema. 


He thinks that the observations on the absence 
of glacier retreat in Antarctica are no reason for 
optimism. They only show that the recent rise of 
sealevel is entirely due to ice melting in the Northern 
hemisphere, and that, if Antarctic ice should also 
start retreating, the situation would be worse. There 
are, however, some other factors, possibly influen- 
cing climatic and sealevel changes, the study of 
which is recommended. They are: 
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(1) a new calculation of the extension of 
Milankovitch’ curve into the future, as was done 
by Gamow; 

(2) observations on the COs content of the 
atmosphere, which according to Callendar has in- 
creased through industrialisation and which would 
protect the earth's surface from cooling; Prof. S. W. 
Visser, however, thinks that any excess in CO» 
content is absorbed by vegetation. 


Dr. van Straaten (Groningen): From Prof. de 
Vries’ C 14 determinations it appears that a possible 
(relative) increase in COa content cannot be more 


than 1%. 


Mr. Wemelsfelder (Public Works Dept.) thinks 
that a slight indication of a climatic change may 
be inferred from the ice frequency in Dutch rivers, 
which decreased continually from 1850 up to 1940 
and afterwards increased !. This coincides with first 
an increase and then a decrease in temperature, 
though the time since 1940 is too short for con- 
cluding to a change in climate. 


Prof. Thijsse (Delft) too warns against drawing 
conclusions as to climatic changes from observations 
made during 5 or 10 years. 

He also distrusts conclusions from a projection 
into the future of Milankovitch's curve, which in 
his opinion lacks a sound theoretical basis. 

If we evaluate all factors involved at their maxi- 
mum values we arrive at a result which surpasses 
the real change of level observed in the Nether- 
lands. 


1 P. J. Wemelsfelder, Gegevens ijsbezetting in 
Nederland. Prae-adviezen Veertiende Binnenscheep- 
vaartcongres, 1948. 
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TERTIARY AND QUATERNARY SUBSIDENCE IN THE NETHERLANDS 


A. J. PANNEKOEK 1! 


INTRODUCTION 


As an introduction to the symposium on the 
Quaternary subsidence of the Netherlands, it 
may be interesting to examine in how far this 
Quaternary subsidence is a continuation of 
earlier subsidences, especially those of Tertiary 
times. Formerly, before the underground of the 
W of the country had become known by 
borings, it was assumed that, as the Quaternary 
in this region reaches its greatest thickness 
(fig. 5), the various Tertiary deposits would 
also be thickest. This is not so, however, and 
this paper will show how during Tertiary times 
the basins shifted repeatediy from one place 
to another, and did not move to the W until 
the end of the. Tertiary; or in other words, that 
the Quaternary basin is a relatively young 
phenomenon. 


BASE OE THE TERTIARY 


A glance at the contour map of the base of 
the Tertiary (fig. 6) shows that the deepest 
parts are not found in the W but in the middle 
of the country, one lying in the former Zui- 
derzee and extending to the SE into the hilly 
Veluwe region, where formerly a tectonic 
uplift was thought to be situated, and another 
in the deep Central graben and its north- 
westerly extension. In the West there is a 
marked high in the neighbourhood of The 
Hague, which will also be met with in the 
various Tertiary stages, but North and South 
of it deeper parts reach the present coast. In the 
SE the Peel horst, parallel to the Central gra- 
ben, stands out clearly and appears to extend 
far to the NW, dividing .the basin into two 
separate parts. 

The map has mainly been compiled from data of 
deep borings, among which are most of the N.A.M. 
oil borings; we wish to thank the company for 
their permission to make use of these data. 

The NE part of the country has been omitted 
on this as well as on the following maps, as folding 
occurred there during the Tertiary; consequently for 
that region the map would show the later folding 
rather than the effect of basin formation. 


In the Lower Rhine region in Germany many 
data have been contributed by the Amt für Boden- 


1 Geologische Dienst Geslogieal Survey of the 
Netherlands), Haarlem. 


forschung at Krefeld, for which I want to render 
my thanks here. For the adjoining part of Belgium 
Lecranp’s map (1951) could be used. The contours 
have been drawn in accordance with the published 
maps of gravity and geomagnetic anomalies (VELD- 
Kamp, 1951). 

Seismic sections being confidential, they could 
not be used and consequently the map is only a 
rough generalisation. Nevertheless it will be suffi- 
cient for our purpose. 


ISOPACH MAPS 


The present depth of the base of the Ter- 
tiary reflects the combined effect of all move- 
ments having occurred during the Tertiary and 
Quaternary. For our purpose, however, it is 
important to trace the various subsidences 
during each of the successive series of the 
Tertiary. Therefore we have prepared isopach 
maps for these series, though we are aware 
that, for various reasons, the thicknesses do 
not fully figure the real subsidence. The various 
sources of errors will be briefly discussed. 


In the first place the depth of sea water, if the 
deposits are marine, has to be added, and at a given 
time this need not have been the same over the 
whole region. On the other hand, the depth of the 
epicontinental seas dealt with here, has never been 
very great. Only a careful analysis of facies can in 
future establish the true relation between facies and 
rate of subsidence, but one may safely say that at 
least in several instances the water depth was 
greatest in the centres of the basins, where also the 
thickness is greatest. Furthermore, where part of a 
deposit was formed under fluvial conditions there 
was no sea water at all and the region must have 
been above sea level at that time; if, however, 
fluvial deposits have been preserved in considerable 
thickness, subsidence must have occurred there as 
well. 

Summarizing we are inclined to think that the 
variations in water depth will of course modify the 


given pictures, though not so much as to alter their 
main trends. 


A second and graver objection is that part of a 
deposit may have been eroded, so that the isopach 
map no longer represents the original thickness, This 
is especially true for the ..border zones and for 
uplifts within the basins, and we will have to keep 
in mind that most of the deposits originally extended 
over a wider area and with greater thickness than 
they do at present. This means that each map 
represents the combined effects of deposition during ° 
a period of subsidence, and of erosion during an 
uplift following after the deposition, assuming that 
the region is again covered by the next younger 
deposit. We think that even with this restriction, 


the maps may still be useful for our purpose. If, 
however, an uplift occurred at a much later date, 
the map no longer represents the movements of a 
given period. 

This applies e.g. to the Miocene on the Peel horst, 
which at some places is directly covered by Quater- 
nary and where parts of the Miocene have certainly 
been removed during the Pliocene or older Pleisto- 
cene. It is particularly true of South Limburg, where 
much of the Tertiary has been eroded because of 
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thickness in the region and not on the real thickness 
in each boring. 

Thirdly, the maps have been drawn for the whole 
of the Paleocene, of the Eocene, of the Oligocene 
and of the Miocene, whereas the place and depth 
of the basins certainly did not remain the same 
within these series. We have actually tried to draw 
maps for each of the stages, but it appeared (1) 
that in many cases the stages could not clearly be 
distinguished and (2) that the variations during the 
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Fig. 1 — Isopach map of Paleocene. 


later uplifts along faults, and of the eastern border 


zone of the country. 


The effects of later erosion are equally strong 
in the NE of the country, where folding continued 
during the Tertiary, so that the present thickness 
of the deposits varies according to their position on 
the anticlines and synclines. For this reason the 
NE of the country has been omitted from the maps, 
‘and for the same reason the isopachs near the 
eastern frontier are sometimes based on the maximum 


stages, though in some cases apparent, where not 
so essential as to make an isopach map of the whole 
of a series quite meaningless. The latter may 
therefore serve for the present purpose and the 
presentation of more detailed maps of the stages 
has to be deferred to a later date. 

In the fourth place the data have been compiled 
from various sources and this may also have in- 
troduced some errors. In most of the oil borings the 
thicknesses have been taken from the records as 
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established by the oil company. In other instances 
figures based on the micropaleontological work of 
Ten Dam and VAN VooRrTHUYSEN could be used. No 
use has been made of seismic sections, for evident 
reasons. In the South of the country MuLer's and 
Van RıEL’s maps have been taken as sources. For 
Belgium the latest interpretations by LEGRAND and 


Peel horst and in northern Belgium; there are 
indications that the thickness in the inter- 
mediate graben is less. The direction of move- 
ment of these tectonic blocks during the 
Paleocene, as they were during the Senonian, 
seems to have been opposite to that of the 
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Fig. 2 — Isopach map of Eocene. 


TAvERNIER (1951) have been consulted, 


supple- 
mented with personal information from Prof. 
TAVERNIER, for northern Germany the works of 
GripP, BETTENSTAEDT, Wirtz, Quitzow and others 
have been taken into account. 


TERTIARY BASIN FORMATION 
Paleocene (fig. 1) 
The regions with an appreciable thickness 
of Paleocene are at present confined to the 
South of the country. It is remarkable that the 


greatest thicknesses are found on the present 
later movements. 

In the centre and the northern part of the 
country Paleocene is found occasionally and 
is mostly thin. II will probably have been 
deposited over a fairly large area but not in 
very great thickness, having been eroded 
towards the beginning of the Eocene. It is, 
however, remarkable that in a depression due 
to solution of the Weerselo saltdome not less 


than 67.5 m of Paleocene has been preserved. 


Eocene (fig. 2) 

During the Eocene, especially in the Lower 
Eocene, basin conditions prevailed over a much 
greater area. There are two separate regions 
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Middle Eocene and during the slightly trans- 
gressive Upper Eocene. 

On the other hand, Eocene is lacking in the 
SE, where the Paleocene has its greatest 
thickness, and also in a region in the West. 
It may have been present there and eroded 
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Fig. 3 — Isopach map of Oligocene. 


where the greatest thicknesses occur, one in 
the SW and continuing into Belgium and prob- 
ably into England, and one in the NE, which 
is part of the North-German basin. The two 
regions may have been connected during the 
Lower Eocene, but the deposits in this channel 
are only thin. The connection may have been 
interrupted during the partial regression of the 


before the deposition of the Oligocene, but the 
thickness will probably not have been very 
great. 


Oligocene (fig. 3) 

After partial regressions in the Eocene and 
the Lower Oligocene, the depositional area once 
more extended considerably and probably in- 
cluded the whole of the present territory of the 
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Netherlands. A region of great thickness ex- 
tends in the middle of the country from North 
to South, with probably a northern and a 
southern maximum. In the West there is a belt 
of only thin deposits and there are even some 
places where Oligocene is lacking altogether. 


MIOCENE 


THICKNESS: 


thickness on the Peel horst, though still con- 
siderable, is less than on either side, which 
points to an upward movement of the Peel 
horst during or after the Upper Oligocene. 
Miocene (fig. 4) 

The distribution of thicknesses of the Mio- 


Fig. 4 — Isopach map of Miocene. 


In the area of the Hague this may be due to a 
later uplift. 

Also along the eastern frontier the Oligocene 
is thinning out, which may likewise have been 
caused partly by later uplift and erosion. It is 
curious to note that in the depression of the 
Weerselo salt dome not less than 152 m of 
Oligocene has been preserved, 


In the horst and graben region in the SE the 


cene is not essentially different from that of 
the Oligocene, notwithstanding the intervening 
partial regressions during the Upper Oligocene 
and the total regression during the Lower 
Miocene. In the W there is still a region of 
thin deposits, though to the N of it the area 
with greater thickness has extended more 
westward. 

The Peel horst, and also its northwestern 
extension, are clearly marked by a smaller 
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thickness of the Miocene, as compared with 
the adjoining grabens, where the greatest 
thickness — of nearly 400 m — has been 
found. 

In the SE, the Miocene on the Peel horst 
is capped by Pleistocene, so that a considerable 
part of it must have been eroded. 


BASE OF PLEISTOCENE | 
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and 200 m) occurs in the NW, and of fluviatile 
deposits in the Central graben in the SE. A 
minimum, with only a few metres of sediment, 
still occurs near the Hague. 

For additional information especially on the 
facies of the Pliocene we may refer to VAN 
VOORTHUYSEN’s paper in this symposium. 
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Fig. 5 — Depth of base of Pleistocene. 
QUATERNARY BASIN FORMATION 


Pliocene 


Through lack of data an isopach map for 
the Pliocene cannot yet be given, partly be- 
cause in the oil boring records the Pliocene 
has mostly not been separated from the Quater- 
nary, partly because most of the water borings 
have not reached the base of the Pliocene. 
The few figures known seem to indicate that 
a maximum of marine deposits (between 100 


Pleistocene 

It was only during the Quaternary that the 
basin at last shifted to the W of the country 
(PANNEKOEK, 1951, 1953) as is clearly shown 
by the map of the base of the Pleistocene (fig. 
5), In the deepest parts in the NW the base 
lies at a depth of more than 600 m, and even 
the uplift near The Hague, a last trace of which 
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can still be recognized, had its share in the 
general subsidence, amounting there to about 
400 m. 

In the SE the Peel horst stands out clearly, 
many of its faults having been active during 
the Pleistocene (ZONNEVELD, 1947). It appears 
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sequent deformations of the levels. Such a map 
for the base of the marine Icenian is given by 
VAN VOORTHUYSEN in his contribution to this 
symposium. Compilation of contour maps of 
higher levels, however, is not yet possible, as 
the stratigraphy of the fluvial deposits, which 
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Fig. 6 — Depth of base of Tertiary. 


to have a marked extension in a northwesterly 
direction, reaching far into the basin and 
dividing it into two bays. The southern one 
seems to continue into the great Central graben. 

It would be highly interesing to have con- 
tour maps of other stratigraphic horizons higher 
up in the Pleistocene, in order to be able to 
trace the main regions of subsidence through 
the course of the Pleistocene, and the sub- 


filled the upper part of the basin, has not ad- 
vanced far enough for distinct horizons to be 
followed throughout the country, and likewise 
because the deposition has been too much in- 
fluenced by eustatic changes of sealevel and 
erosion. Now that new studies on the inter- 
pretation of the fluvial Pleistocene are in 
progress, we hope that in the near future more 
can be said on this subject. 


Holocene and present 


A late stage in the process of subsidence 
would be represented by, for instance, the 
base of the Atlantic, which will be more or 
less parallel to the base of the Holocene 
(FABER, 1947). At that time the subsidence 
seems to have been concentrated in the West 
of the country, in a region more or less parallel 
to the coast. 

The last chapter of the tectonic history of 
this country can only be revealed by a com- 
parison of successive levellings. It seems, how- 
ever, that the present movements are not 
fully in accordance with those of the older 
Holocene. One would expect a stronger sub- 
sidence of the West as compared with the 
eastern half of the country, whereas the 
levellings seem to indicate a tilting along an 
E-W axis, so that the North must have sub- 
.sided more strongly than the South, even more 
than the coastal region in the West. I£ this 
should be true, it would mean that the move- 
ments vary even in, geologically speaking, very 
short lapses of time, a conclusion which also 
seems to follow from the result of successive 
levellings across the Peel region. As the meas- 
urements are probably not of equal reliability 
and have been influenced by surface conditions 
(ESCHER, 1940), it will be necessary to await 
new levellings, based on stable bench marks, 
before conclusions can be reached. 

In this paper it has been our object to make 
a comparison between the Quaternary and the 
earlier movements of the region now occupied 
by the Netherlands. The data, however, on 
which our conclusions are based, still contain 
many uncertainties and errors, and so we could 
do no more than give an impression of the 
mobility of the underground of this country 
and of the kinds of movements to which it was 
subjected in the course of time. 
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DISCUSSION 


Prof. Bakker (Amsterdam) agrees with Dr. Pan- 


nekoek’s conclusion that the trend and the areas 


of tectonic subsidencee may have changed in 
Quaternary times. This may even apply to the 
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Holocene, in view of the presence of peat in the 
W of the country and its absence in the N, where 
during the same time tidal flats were formed. 


Prof. Mac Gillavry (Amsterdam) thinks that 
isopach maps of Tertiary series as presented by 
Dr. Pannekoek, would have been still more valuable 
if they could show the conditions after equal lapses 
of time. They seem to suggest that tectonic activity 
has increased in the Pleistocene, as compared with 
Tertiary stages. It would be interesting also to know 
the data for the North of the country, left blank 
on Dr. P.'s maps. 


Dr Pannekoek (Geol. Survey) replies that isopach 
maps of the various individual stages of the 
Tertiary would better fulfil Prof. Mac Gillavry’s 
wishes; they are not yet ready for publication. "The 
Pleistocene seems indeed to have been a period of 
increased tectonic activity in this country. The NE 
of the country has been omitted because the older 
Tertiaries are. folded there, and the present thick- 
ness would not be indicative of the original one; 
moreover, data from seismic sections of this region 
have not been released for publication. 


Mr. Pons (Soil Survey Inst.) has plotted the 
surface of the Rhine sediments during the iast 
glaciation (fluviatile Lower Terrace) from Bonn in 
Germany towards the Netherlands coast, where it 
has a depth of 25 m, descending to a sealevel of 
—85 m. It presents a graded profile without 
irregularities of more than 2 m, which proves the 
absence of differential tectonic movements since its 
formation. 


Dr. W. A. Visser (Nederlandse Aardolie Maat- 
schappij) states that in the NE, left blank by Pan- 
nekoek, the base of the Tertiary lies generally, with 
the exception of salt domes, at a depth of 800 to 
1000 m in the higher, and 1100—1200 m in the 
deeper areas. 

This region of comparatively strong Tertiary 
subsidence coincides with the subsiding area in the 
N-Netherlands on Edelman’s map. 


Mr. van Weelden (B.P.M.) calls attention to a 
third factor. Aside from (1) settling and tectonic 
movements of the land and (2) changes in sealevel, 
sedimentation or erosion will also influence the 
relative movements. Even in a subsiding basin rapid 
sedimentation may cause land accretion. On the 
other hand a rise in sealevel, diminishing the 
gradient of the rivers may adversely influence the 
transport of material from the mountains and sub- 
stantially reduce the sedimentation. 


He further mentions that deposition, especially of 
the coarser sediments often takes place primarily 
near the shore or rim of a basin. The use of 
isopachous maps to determine the position of the 
maximum depth of the basin should be done with 
caution. 

Dr. Pannekoek replies that most of the Tertiary 
deposits in the Netherlands are near-shore sediments, 
the coast never having been far away. According 
to Dr. Van Voorthuysen the water depth will 
hardly ever have surpassed 100 m. Accordingly 
Mr. Van Weelden’'s last remark does not apply to 
conditions peculiar to this country. 
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SDEMLEIO SIHUMSEEGIULATTERR IN ARTE GIH/A NIGEEISEIN: LEVEL, 


ESPECIALLY IN THE NETHERLANDS 


CRUSTAL MOVEMENTS OF THE SOUTHERN PART OF THE NORTH SEA 
BASIN DURING PLIOCENE AND EARLY PLEISTOCENE TIMES 


J. H. VAN VOORTHUYSEN 1 


SUMMARY 


Three combined paleogeographic, paleoecologic 
and structural maps of the extension, ecological 
environments and crustal movements of the southern 
part of the North Sea Basin during Pliocene and 
early Pleistocene times are dealt with, summed up 
in six conclusions at the end. 


BASE PLIOCENE (fig. 1) 


As base of the Pliocene we took in England 
the Lenham Beds in Kent with their mixed 
character of Mollusca from the Miocene?, 
Older Pliocene and common Crag Shells. In 
Belgium we used, as HARMER (1902) did, the 
base of the Diestian. According to its fora- 
miniferal fauna, however, this has more af- 
finity to the Miocene than to the Pliocene. 


As long as consensus of opninion has not 
been obtained, we prefer still to. consider the 
Diestian in this paper as the oldest Pliocene; 
moreover we are dealing here principally witlı 
the crustal movements of the North Sea Basin 
and an arbitrary boundary between the Mio- 
cene and Pliocene does not affect our present 
purpose. 


We hold with the general opinion that there 
must have been free communication to the 
south, due to the fairly warm fauna in the 
Lenham Sea. We do not agree with VALENTIN 
(1952) that the oldest Pliocene Sea should have 
extended north of Ipswich; at all events we 
could not find a single clue for the Lenham 
Beds to have been deposited north of that 
town. The Suffolk Bone Bed, situated in the 
area, enclosed by lines drawn from Ipswich to 
the sea at Orford and to Walton on-the-Naze, 
with boxstones, rolled nodules of brownish 
sandstone which frequently contain casts and 
moulds of shells (probably of Miocene or 
Oligocene age), may represent the most 
northern extension of the oldest Pliocene Sea 
(or youngest Miocene?). Anyhow, we draw 
"here :he northern limit of the Lenham Sea. 


1 Geologische Dienst (Geological Survey of the 
Netherlands), Haarlem. 


In Belgium we used, besides the data of 
HARMER (1902), the „coupe geologique entre 
Borsbeck et Esschen”, published by HALET 
(1935). Moreover we personally studied many 
samples of the Diestian of Belgium by means 
of foraminifera. 

In the Netherlands the base of the Diestian 
is rather arbitrary, due to the fact that these 
deposits have no outcrops and that in most bore 
samples little or no shells are present. The 
distinction between the Diestian and Scaldisian 
(Coralline Crag) by means of their foramini- 
feral contents is very difficult to make, if not 
impossible, partly due to the lack of real 
Diestian samples, established by Mollusca, 
partly due to facies shift. The infraneritic 
facies of the Diestian (youngest Miocene?) 
bears little or no Mollusca at all and is mostly 
completely unfossiliferous as e.g. in boring the 
Hague from 430—400 m (VAN VOORTHUYSEN, 
1950 a) and in boring Zaandam from 728— 
684 m (VAN VOORTHUYSEN,, 1950 b). 


We divided the Pliocene North Sea into 
three ecological environments. (1) The littoral 
facies (from high tide to 10 m), consisting of 
shore deposits piled up near the shores and 
bays. (2) The epineritic facies (from 15 to 
50 m), glauconitic sands with Terebratula 
perforata, Ditrupa subulata, fish remains, etc. 
("zone ä Terebratules” in Belgium). (3) The 
infraneritic facies (from 50 to 200 m) in the 
western part of Holland, which is rather dif- 
ficult to describe, due to lack of material. 
Probably it will partly be unfossiliferous glau- 
conite sands, partly sandy, micaceous clays, 
with a foraminiferal fauna, vertically changing 
unnoticably in the same infraneritic facies of 
the Scaldisian (consequently not in the Coralline 
Crag facies, which is a littoral one). Due to 
lack of deeper borings in the region between 
the epi- and infra-neritic facies we do not quite 
know the horizontal transition between these 
two, 

We draw on the map (fig. 1) a NW--SE 
line somewhat north of the Harwich estuary, 
giving the direction of rise and subsidence of 
the Palaeozoic platform, according to the 
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Figure 1, 


English geologists (see e.g. CHATWIN, 1948; 
BOosSWELL, 1927). This old tectonic spur also 
gives approximately the widening of the Lon- 
don Basin, where the strike of the Chalk and 
Lower Tertiaries changes from WSW to 
NNE. 

The contour-lines of the base of the Lower 
Pliocene are drawn at intervals of a hundred 
meters, with the O-isobase as the hinge-line 
between the rise and subsidence of this part 
of the former North Sea bottom. "The contour- 
lines are accessory to the present Ordnance 
Datum. 

Since Pliocene time when Belgium south 
of Antwerp was also covered by the sea, this 
region has risen to at least 200 meters, whereas 
the deepest parts of the Netherlands have sunk 
to at least 700 m (see — 700 m contourline at 
fig. 1). This means that from Pliocene time 
the tilting of the Pliocene seabottom over a 
distance of a little more than 200 km has been 
nearly 1000 m, which throws a light on. the 
rather high tectonic unstability of this part of 
the North Sea Basin. 

During Pliocene time the relative rate of 
subsidence of the Zaandam basin in comparison 
with that of the neighbourhood of Antwerp 
shows a difference of 130 m, which we can 
demonstrate as follows: 


Base Pliocene 
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took place during Pliocene time in this 
southern part of the North Sea Basin has not 
been affected by the tectonic highs and basins 
of minor tectonic magnitude, already existing 
in pre-Pliocene time, 


BASE PLEISTOCENE (fig. 2) 

Since LAGAAY (1952) in his study of the 
Bryozoa supported SCHREUDER's proposal 
(1950) to consider the Poederlian as a littoral 
facies of the Amstelian and at the same time 
accepted WIRTZ' viewpoint (1949) to declare 
the Red Crag series as synchronous with the 
Poederlian-Amstelian, the present author's 
foramineferal studies have fully justified this 
new conception. This new stratigraphic stand- 
point is, though with some reserve, also ac- 
cepted by the Belgian geologists (DE HEINZE- 
LIN, 1952) and as far as we known there is no 
opposition from English 
(BADEN-POWELL, 1951). 

Table 1 illustrates the stratigraphic corre- 
lation of the Pliocene and Oldest Pleistocene 
of the southern part of the North Sea Basin 
(Bast-Anglia, Kent, Belgium and the Nether- 
lands) and the northwestern part (Island of 
Sylt). 


colleagues either. 


Base Pleistocene 


Zaandam = =12.8:19 — 586m 
Antwerp — 20m — dm 
708 m — — difference 130 m — — 578 m 


This conclusion only holds good if the rate 
of sedimentation in both localities during Plio- 
cene time is comparable, which we are inclined 
to answer in the affirmative. 

The relative rate of subsidence of the tec- 
tonic high of Zeist (in the neighbourhood of 
Utrecht) in comparison with that of the under- 
ground of Antwerp during Pliocene time is 
about 120 meters, which number is of the 
same order as that of the tectonic deepest 
region in the subsurface of Zaandam. 


Base Pliocene 


The tectonic high of Zeist — 300 m 
Antwerp (Kruisschans) — 20m 
280 m 


The above mentioned calculations seem to 
show that the epeirogenic movement which 


—_. _—_. difference’ 118 m — — 


The Red Crag series are typical shore de- 
posits, consisting of current bedded sands, 
locally very shelly. Its maximum thickness in 
East Anglia is 12 m, that is about the same 
thickness as we find in Belgium and the Ne- 
therlands. The shell-layers bear evidence of 
having been drifted and deposited in banks 
which were piled up near the shores of bays 
and beaches through the action of prevalent 
easterly gales (see HARMER, 1902, p. 21, 22). 
The Red Crag deposits are characterized by a 
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gradually increasing percentage of arctic spe- 
cies of molluscs, foraminifers, etc. Consequent- 
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TABLE 1 — CORRELATION OF PLIOCENE AND OLDEST PLEISTOCENE DEPOSITS IN THE NORTH SEA BASIN 


EAST ANGLIA 
(For the most part sccording Fo 


Baden Powell, 1950 ) 
Terosion) 


WEIJBOURNE CRAG)ICE - 
CHILLESFORD BEDS?NIAN 


NORWICH CRAGJSERIES 


Norfolk stone Bed (man® _ 


PLEISTOCENE 
p-p- BUTLEY CRAG) RED 


NEWBOURNE CRAG ? CRAG 


SABLES DE MERXEM 
WALTON CRAG /SERIES|Zone ä Corbulomya 
Ki complanata 
Zone 3 Fusus (Chryso- 
domus)contrarius 


Suffolk Bone Bed Keeeine) 


CORALLINE CRAG 


Suffölk Bone Bed marine) 
PLIOCENE 


LENHAM BEDS 
(in Kent) 


erosion 


ly the connection with the northern part of the 
North Sea must have been very effective, 
whereas the influx of mediterranean forms 
must have been cut off. This change of ecolo- 
gical environment we tried to express in the 
course of the shore line in nearly the same 
manner as VALENTIN (1952) did. 

After the deposition of the Coralline Crag 
(Scaldisian) a period of erosion, due to a rise 
of this part of the seabottom, followed, most 
probably affecting only the littoral Coralline 
Crag facies of the Scaldisian in England, Bel- 
gium and the most southern part of the 
Netherlands, but not the infraneritic facies of 
the Scaldisian in the western part of Holland, 
which remained below sealevel. 

The following Red Crag (Poederlian) trans- 
gression, inaugurating the Pleistocene Epoch 
with, it is true, most probably a still minimal 
fall of sealevel, should in a stable part of the 
earth crust be a "contradictio in terminis’, not 
so in this part of the North Sea region with a 
rather high epeirogenic activity. 

We consider the Red Crag Series (Poeder- 
lian) as the littoral environment; the Amstelian 
represents the more neritic facies. Owing to 
lack of borings which cross both environments 
the extension of the two facies is only very 
approximately known. 

From the explanation of the different sheets 
of the geologic map of Great Britain, we 
plotted on the map the base of the Red Crag 
in meters ©.D. and we were able to recon- 
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struct the plus 50 m contourline and the O- 
isobase in East Anglia, which exhibit in the 
neighbourhood of Harwich an abrupt change 
of direction from SE to NE. 

The contour-liness of the base of the 
Poederlian-Amstelian in the Netherlands have 
been constructed by Dr. Pannekoek and the 
author. 

The abrupt change of direction of the 
O-isobase from SE to NE with the hinge point 
in East Anglia, means that a new tectonic 
movement took place in the southwestern part 
of the North Sea Basin. This feature finds 
support in the present altitude of the Red Crag 
in East Anglia, which is situated nearly every- 
where above O.D., whereas in the Netherlands 
and Belgium we find it nearly always beneath 
the present sealevel. 


THE BASE OF THE ICENIAN (fig. 3) 


The sediments of the Icenian Series consist 
of beds of sand, laminated clays and pebbly 
gravels locally highly fossiliferous. The maxi- 
mtum thickness is 45 m, which corresponds 
rather well with that of the Netherlands along 
the minus 50 m contourline. In the Netherlands 
the thickness increases considerably to the 
north and in the neighbourhood of Maassluis 
(between the minus 200 and 300 contourlines) 
it is already nearly 200 m (VAN VOORTHUY- 
SEN, 1949). 

Our knowledge of the facies shift in the 
Icenian sea is rather scanty hitherto. 
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TABLE 2 — RELATIVE CRUSTAL MOVEMENTS OF THE ZAANDAM BASIN AND THE TFCTONIC HIGH OF ZEIST 


BASIN OF ZAANDAM 


Depth inm 


o  PLEISTOCENE 


BASE PLIOCENE 


u ICENIAN 


TOP ICENIAN 


After an erosion period in East Anglia and 
Belgium, which has hitherto not been traced 
in borings in the Netherlands, the extension of 
the Icenian Sea was as plotted on the map. 
The Icenian sediments do not reach as far as 
Antwerp, whereas in East Anglia the northern 
part of this region vanished beneath the sea 
level. The contour-lines of the base of the 
Norwich Crag were derived from borings, the 
data of which were kindly supplied to Dr. 
Pannekoek during the East Anglia excursion 
of the 1948 London Congress by Mr. Dinham 
of the Geological Survey of Great Britain. 
With the aid of these lines we were able to 
trace the minus 50 m O.O. contour-lines from 
East Anglia to the Netherlands. 


A comparison of the O-isobase of fig. 2 and 
3 shows that the "elbow” in the neighbour- 
hood of Harwich has disappeared, causing the 
northern part of East Anglia to be inundated 
from south to north by the Icenian Crag Sea. 
Table 2 demonstrates the relative crustal 
movements of the Zaandam basin and the 
tectonic high of Zeist (near Utrecht). This 
table shows the depth and thickness of the 
Pliocene, Poederlian-Amstelian (Red Crag) 
and Icenian (Icenian Crags) in the subsurface 
of Zaandam and Zeist?. 


Our conclusion about the tectonic activity 
during Pliocene time have been mentioned 
already in a former chapter. A comparison be- 
tween the Zaandam basin and the tectonic 
high of Zeist during Pleistocene time 'shows a 
different aspect. The thickness of the Poeder- 
lian-Amstelian (Red Crag Series) and Icenian 
sediments in the underground of Zaandam and 
Zeist are so different, that we must assume 
that during Pleistocene time differential move- 
ments took place in these two tectonic units 


2 The stratigraphic results of the subsurface of 
Zeist and most of the other deeper borings in the 
Netherlands are derived from bore samples kindly 
supplied by te management of the "Nederlandse 
Aardolie Maatschappij, The Hague. 


Thickness in m 
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HIGH OF ZEIST (near Utrecht ) 


Fee 


cenıan 


of minor magnitude. The subsidence of the 
Zaandam basin was accelarated considerably 
whereas the tectonic high of Zeist did not 
follow this movement at the same rate. 


CONCLUSIONS 


(1) The attempts to draw contour-lines of the 

bases of the Pliocene, the Pleistocene and 
the Icenian deposits in East Anglia, Belgium 
and the Nederlands, depending on the present 
Ordnance Datum, have thrown more light on 
the tectonic activity of the North Sea bottom. 


(2) Although the study of the Plio-Pleistocene 

stratigraphy of this southern part of the 
North Sea basin is by no means conclusive, 
the data hitherto gathered point to rather slow 
epeirogenic movements over a wide area in the 
Plio-Pleistocene and moreover to minor tec- 
tonic features in the Pleistocene, demonstrated 
in a relative rise of the height of Zeist (near 


Utrecht). 


(3) The eustatic change of sealevel has not 

been taken into account. This prejudice 
has hardly affected oud knowledge of the tec- 
tonic activity in this region. The use of the 
eustatic change of sealevel can only cause a 
slight shift of the contourlines. 


(4) The study of the different ecological en- 
vironments is of importance, but owing to 
scanty information it is still unsatisfactory. 
(5) The boundary between the Miocene and 
Pliocene must still be settled and needs 
further study. 


(6) If we compare the exhaustive geological 

and biological knowledge obtained e.g. 
from the Gulf of Mexico, during the last de- 
cade, a region of the same order of magnitude 
as the North Sea, it is evident that our insight 
is still very poor. This is certainly not the 
fault of the geologists in the countries around 
the North Sea. The exchange of thoughts and 
data is excellent. It is the lack of a European 
organisation, which prevents a coordinated and 
thus economical research. 
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SYMPOSIUM: QUATERNARY CHANGES IN LEVEL, 


ESPECIALLY IN THE NETHERLANDS 


SOIL COMPACTION IN RELATION TO QUATERNARY MOVEMENTS OF 
SEA-LEVEL AND SUBSIDENCE OF THE LAND, ESPECIALLY IN THE 
NETHERLANDS 


SOME CONCLUSIONS DRAWN FROM LECTURES TO THE CONFERENCE ON SOIL 
COMPACTION OF THE NETHERLANDS SOCIETY OF SOIL SCIENCE, 
NOVEMBER 20th 1953 AT UTRECHT 


J. BENNEMA, E. C. W. A. GEUE, H. SMITS and A. J. WIGGERS 


INTRODUCTION 


The“ problem of subsidence and compaction 
of the soil had been under consideration as a 
suitable subject for a one- of two-day Con- 
ference by the Board of the Society for a few 
years already. 

This project was cut across by a decision 
of the Board of the Geological Section of the 
Royal Netherlands Geological and Mining 
Society to organize a symposium on the sub- 
ject of the quaternary movements of sea-level 
and subsidence of the land in the Netherlands. 

After consultation with the organizers of the 
symposium, the Netherlands Society of Soil 
Science agreed to limit the subjects of the 
conference to problems of Soil Compaction. 
The conference took place on November 20th 
1953 at Utrecht. 

The organization of the conference and the 
discussions were led by Professor Dr. AT. 
ZUUR. 

The choice of subjects and speakers was 
also led by the consideration, that the con- 
ference had to be a preparation for the sym- 
posium. 

The speakers and their subjects were as 

follows: 

1. Prof. Ir. E. C. W. A. GEUZE: Compaction 


as a mechanical process. 


2. Ir. H. SMITS: Compaction over short 
periods. 

3, Ir. J. BENNEMA: Compaction over longer 
periods. 


4. Des. A. J. WIGGERS: Compaction over very 
long periods. 

Though the lectures are intended to be 
published in due course in different suitable 
periodicals, summaries will be given below for 
the benefit of the participants of the sympo- 
sium. They will be followed by some considera- 
tions related to the above-mentioned subjects 
and conclusions. 


For the sake of completeness it should be 
stated, that apart from the lectures mentioned 
above, two others were given. 

On the evening of November 20th, GEUZE 
lectured on: "Results of computations con- 
cerning soil compaction, based on laboratory 
tests and field observations. Next morning 
BENNEMA lectured on the "Use of compaction 
data in the analysis of quaternary changes of 
the sea-level and subsidence of the land”. 

The lecture by GEUZE cannot be reviewed 
here, but parts have been used as a basis for 
the general considerations and conclusions. 
Many elements of BENNEMA’s lecture are en- 
corporated in his paper for the present sym- 
posium. For this reason its contents will not 
be referred to here. 

It should also be stated here that BENNEMA’S 
method of applying compaction data met with 
general approval. A number of points from his 
conference have been introduced in the general 
considerations and conclusions. 


SUMMARIES OF THE LECTURES 
(1) Compaction as a mechanical process 
The causes of compaction are mainly three- 


fold: 


(i) the changes of hydrological conditions 
at the upper and lower limits of uncon- 
solidated, compressible soil layers; 

(ii) the consolidation of these layers, as a 

function of time, due to their own weight; 

compaction caused by an increase of 
thickness of soil layers (sedimentation 
and sedentation). 


In case (i) the layers are subjected to in- 
creasing loads in the course of time (gradual 
lowering of the "polder" water-table, including 
the effects of capillarity and/or the lowering 
of water-pressures in the underlying, perviou®ß 
soil layers). 
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In case (ii) the load remains constant (own 
weight of soil layers). 

In case (iii) the load increases in the course 
of time, due to an increasing overburden. 

These cases have been treated in soil mechan- 
ics litterature (see f.i. KEVERLING BUISMAN, 
"Grondmechanica", Hfdst. IV; and HUIZINGA, 
"Geologie en Mijnbouw”, 2e Jrg., no. 5, pg. 
94—106). 

Some examples were given of the effects of 
hydrological changes on the consolidation pro- 
cess and which mechanical properties of the 
soil determine the magnitude of the settling. 

It was also shown, that a prediction of this 
magnitude is largely determined by the experi- 
mental method followed in the laboratory, 
which has to satisfy certain conditions. 


(2) Compaction over short periods 


Short periods will be called those extending 
over 80 to a 100 years; the compaction over 
such periods is important, when dealing with 
reclaiming and draining works. 

Some important consequences from the agri- 
cultural viewpoint are: the increasing differen- 
ces of the local heights of the soil levels at 
short distances; increasing difficulties of drain- 
age; modification of the soil profile; improve- 
ment of the trafficability and hampering of soil 
cultivation. 

In connection with reclaiming and draining 
there are mainly the following three causes of 
settlement: the lowering of the water table; the 
drying out of the upper soil layer and the 
oxidation of organic matter. 

Leaving the oxidation out of consideration, 
settlement is due to an increase of density of 
the soil layers. The density of soil may be 
expressed by its specific volume (i.e. the 
volume of 1 gram of dry soil in its natural 
condition). If no dry matter is lost by oxida- 
tion or in any other way, the settlement is 
proportional to the decrease of the specific 
volume. 

This rule provides a method to compute 
compaction. 

In order to apply this method, one has to 
know the thicknesses of the layers and their 
specific volumes under original conditions; on 
top of that the specific volumes should be 
known after the compaction has taken place. 
The thicknesses of the layers at this stage of 
the consolidation process then may be com- 
puted; the magnitude of the compaction is 
directly obtained from this result. 

Soil layers below the water table may be 
supposed to be fully saturated with water. 


Their specific volumes may then be computed 
from the specific weight öf the dry matter and 
the water content. It has been proved further, 
that mineral soils of about the same age with 
a normal content of organic matter, show a 
close relation between their water contents and 
their percentages of fines (according to Dutch 
nomenclature called: lutum i.e. percentage of 
particles smaller than 2 „). Specific volumes of 
these soils may thus be computed from their 
lutum contents. 

In this way the determination of the specific 
volumes of soils from below the water table is 
a comparatively simple procedure, though the 
taking of undisturbed samples is a costly and 
laborious matter. 

The computation of compaction however 
also asks for the knowledge of specific volumes 
in the state of "final”” consolidation. These 
data are obtained from polder areas with 
identical soil profiless and soil composition 
approximately 80 to a 100 years old; other 
factors such as the initial circumstances and 
actual drainage conditions also should be 
closely comparable. It is then supposed that 
the specific volumes of the soil layers in the 
areas under consideration will attain the same 
values after a period of 80 tot a 100 years as 
those they have been compared with. 

For the area of Eastern Flevoland the pol- 
ders of "Waard en Groet” and "Anna Pau- 
lowna” have been taken as objects of com- 
parison. The compaction of this area was dis- 
cussed in detail. 

Marsh sediments have lower specific volumes 
already at the time of reclamation than sub- 
aquatic layers with the same lutum content. 
Marsh soils therefore show a small compaction 
after reclamation, the more so as the subsoil 
usually is rather sandy. 

Though the above-mentioned method of 
computing compaction in principle may be 
applied also to layers of the subsoil, which 
remain saturated after reclamation, the pos- 
sibilities of application are extremely limited. 
Firstly the decrease of the specific volumes is 
rather small as compared to the scatter of the 
initial values; secondly a suitable object for 
comparison is hard to find. 

Peat areas may settle through oxidation of 
the organic matter as well as by compression. 
In English and American litterature oxidation 
is considered as an important factor; it may 
also occur in the Netherlands. 

Several authors state amounts of compaction 
oceurring in highmoor areas directly propor- 
tional to the thickness of the layers. 


HALLAKORPI mentions“ the following com- 
paction formula: 


Z = a (0.08 D + 0.066). 


compaction; D = thickness of layer; 
factor depending on the density of the 
peat, varying between 1 and 4). 

In our country the compaction of peat over 
short periods is especially of importance in 
draining and reclaiming of dug out peat lakes 
with remaining ridges. 

The speed of compaction strongly depends 
on circumstances. The "final’' value of com- 
paction is computed on application of different 
percentages of the initial thickness, varying 
with the type of peat. Flatness of the soil 
surface after final’ settlement is aimed at by 
working the soil to higher or lower levels 
during reclamation, according to the amount: of 
compaction to be expected afterwards. 


a = 


(3) Compaction over longer periods 


This subject was limited to the compaction 
of profiles, composed of peat- or heavy clay- 
layers. Phenomena observed in the Western 
part of the Netherlands were especially con- 
sidered. 

Usually the phenomenon of compaction is 
linked up with the cultivated area, though in 
natural alluvial areas it also plays an important 
role. The differences in height of the surface 
then remain rather small, as the low-Iying parts 
often are filled up by a sediment or a sedentate 
(peat). Filling up however increases the load 
on the underlying layers and the subsequent 
compaction causes a deepening a.s.o. This 
continuous process may proceed till a tempo- 
rary equilibrium is attained. Finally the soft 
layers will be hardened by this process. This 
is demonstrated in the soil profile by low-lying 
‚layers of older origin, having settled under the 
weight of layers of younger sediments, which 
are relatively thick by comparison. The con- 
sequences of the phenomenon may be observed 
everywhere in areas composed of soft layers 
and some idea of the magnitude of the com- 
paction may be obtained. Some examples of 
this kind were discussed. 

The magnitude of the compaction of cul- 
tivated areas depends, apart from time, espe- 
cially on the depth of drainage and on the type 
of the profile. 

In the forest-peat district to the west of 
Utrecht the depth of the water table in dif- 
ferent polders strongly depends on the depth 
of the sand layers underlying the peat or, which 
amounts to the same, on the thickness of the 
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peat-layer. As the mean value of depth of the 
water table below the surface in different pol- 
ders does not vary to any large extent, this 
fact leads to the important conclusion, that the 
compaction at the same depth of drainage 
strongly depends on the thickness of the peat 
layers. 

This can be confirmed only in those areas, 
where no clay layers occur in the peat mass. 
If clay and peat occur alternately in the profile, 
the levels of the water table are at greater 
heights over the sand layer, Iying at the same 
depth. A comparison of the district to the 
West of Utrecht with the other peat areas in 
the Western part of the Netherlands shows, 
that besides these factors the kind of peat and 
probably the former hydrological conditions 
also play a part. 

A quantitative view of the compaction of the 
drained polders of Holland on a landscape basis 
is hard to obtain, as the original levels of the 
different parts are not known. Qualitatively 
speaking the effects of the compaction are 
easily observed. They depend mostly on the 
firmness of the clay and silt profiles. Con- 
sidering the area between the "Oude Rijn” and 
the „IJ", it may be observed, that generally 
the soil profiles in the Western part are fairly 
firm becoming softer towards the east. The 
softest profiles are ? metres lower than the 
firmer ones through consolidation, though their 
depths of drainage is less. This settlement oc- 
curred partly during the sedentation of the 
surface peat on top. 


Having compared several polders, the effects 
inside one polder, consisting of soft peat and 
clay layers were treated. 

The most striking compaction differences 
are to be observed in the "Oudeland-polders” 
in Zeeland, where the peat layers have been 
eroded by creeks. They have been filled up by 
sit and sand later on and now emerge up to 
2 metres above the adjacent parts of the land- 
scape through compaction of the peat and clay. 


Compaction differences within the region of 
one polder in the peat area of the Western 
Netherlands are less evident. Though differ- 
ences are seldom more than a few decimeters, 
their importance to grassland culture is con- 
siderable. They may be caused by a difference 
of thickness of the peat layers; local occurren- 
ces of silted up riverbeds or clay layers; or a 
greater depth of the water table by locally 
deeper draining or seepage; or a hollow shape 
of the water table between the ditches by 
strong evaporation during summer. Differences 
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of types of peat in one polder may be the cau- 
ses of compaction differences in exceptional 
cases. 

A close relation between the differences in 
height of the surface and the depth of the sand 
layers was shown by polders with a soil profile 
consisting of a peat layer only, resting on sand. 
Some examples of this kind were discussed 
more in detail. 


(4) Compaction over very long periods 

In both preceding lectures compaction was 
considered extending over short periods (a 100 
years) and over longer periods of a few 
thousand years. 

It is desirable to consider the amount of 
compaction occurring at great depth (higher 
pressure) and over longer periods. 

Data obtained from litterature on the sub- 
ject mention compaction of clay layers loaded 
by sediments of thousands of metres thickness. 

It is known f.i., that clay layers at a depth 
of 2000 metres have been compressed to 2/3 of 
the thickness at a depth of a 100 metres. 

Volume changes were considered occurring 
during the transition from clay to shale, from 
sand to sandstone and from peat to coal. The 
processes involved were discussed briefly. Also 
the results of high pressure laboratory tests 
were compared with data obtained from nature. 

A number of physical properties of Dutch 
sediments were mentioned in their relation to 
the problem considered, in order to procure a 
rough estimate of their contribution to the sub- 
sidence of the Netherlands. 

It was shown that a.o. the factor of time 
practically excludes any prediction. 

GENERAL CONSIDERATIONS DERIVED 


FROM THE LECTURES AND 
DISCUSSIONS 


In the following considerations the different 
aspects of the compaction problem, as ad- 
vanced in the lectures, have been treated from 
a more general point of view. 

The discussions during the conference, the 
lectures by GEUZE and BENNEMA, as mentioned 
in the introduction and the results of recent 
talks between the lecturers have also con- 
tributed to the general considerations, 

According to the summaries of the lectures, 
compaction may be determined by the follow- 
ing methods: 


(i) By using the theory of consolidation from 
the science of soil mechanics, 


(i) By comparison of the specific volume 


(i.e. volume of I gram of dry soil) of the 
sediment or sedentate considered and 


that of similar sediments or sedentates, 
not having been subjected to compression. 
By a comparative analysis of profiles. In 
some cases a special expedient may be 
used in the form of deformations of 
rhizomes of Phragmites by the com- 
pression of peat layers. 

These methods each have merits and short- 
comings of their own. So far the method ad- 
vanced by SMITS is mostly useful only for 
determining the compaction of the upper 1 to 
2 metres. The consolidation theory on the other 
hand as advanced by GEUZE is especially 
suited to compute the compaction of saturated 
soil layers, whereas it can hardly be applied 
to the upper layers, subjected to drying out. 
It is apparent that combining both methods will 
be necessary in many cases, in order to deter- 
mine the compaction of the entire soil profile. 

Under favourable circumstances, the method 
of comparative profile analysis as advanced 
by BENNEMA may yield excellent results. The 
first condition is that the boundaries of the 
compressible soil layers should have been 
horizontal planes originally, or their differences 
in level at that time known. 

The boundary of the-firm subsoil further 
occur at different depths. In a few cases the 
compaction of layers below the water table 
only may be determined by this method. 
SMITS’ method may then provide the missing 
data for the upper soil layeıs . 

Comparative profile analysis can generally 
give us only the magnitudes of past compac- 
tion. In exceptional cases only has it been 
possible sofar to use these data for other 
areas. Ihe methods advanced by GEUZE and 
SMITS may provide data about past and future 
compaction. 

In many cases results are obtained only on the 
basis of a number of suppositions. It is there- 
fore advisable to use the methods simultaneous- 
ly for comparison and checking of results. 

The application of the consolidation theory 
so far has been seriousiy hampered by insuf- 
ficient knowledge of the "layer thickness 
effect. 

This important factor represents the retarding 
effect of the layer thickness on the compaction, 
which according to TERZAGHI is represented by 
a quadratic law. Up till now it has therefore 
not been possible to determine the consolida- 
tion degree of a soil layer. 

In the second place consolidation coefficients 
play an important part in the computation of 
compaction. It has been found by GEUZE, on 
the basis of a hypothesis for the consolidation 


(ii) 


process, that instantaneous loads produce a 
higher apparent compressibility, than gradually 
increasing loads. 

This effect of the loading speed on the com- 
pressibility is especially important, when 
dealing with a gradual drawdown of the water 
table. 

Compaction computations based on coef- 
ficients obtained from instantaneous loading 


tests yield higher values and should therefore 


be revised. 

Comparison of compaction computations 
according to the consolidation theory, with 
results obtained by the other methods may give 
some indication of the maximum speed of 
loading to be used in consolidation tests, in 
order to obtain the correct compaction curve. 

According to current views, the movement 
of the land surface in the deeper lying part of 
the Netherlands should be composed of the 
geological subsidence, changes of the sea-level 
and the compaction. 

The resultant of the two first-mentioned 
effects combined is called the relative move- 
ment of the land and sea-level. 

If these relative movements are to be deter- 
mined on the basis of the actual level of older 
sediments or sedentates, or of geodetic precise 
level-points and tide gauge readings, the effect 
of compaction should be taken into account. 

The compaction in the lower Iying part of 
the Netherlands is not necessarily limited to 
the holocene sediments of (maximum) 20 
metres thickness. As WIGGERS has pointed 
out, clay- and peat-layers at greater depth and 
of greater age may also contribute. 

As it may be supposed that the compaction 
of the sand layers, even at great depth, is 
negligibly small, it is possible to find specific 
profiles in the Netherlands, of which the com- 
pression — even if layers of some hundreds 
of metres are involved — has scarcely con- 
tributed to the subsidence of the land. 

On the other hand, pleistocene and older 
clay- and peat-layers may cause subsidence by 
compaction. Investigations in other countries 
have shown, that clay layers will obtain their 
maximum density under a load of thousands of 
metres of sediment. (pore volume = 0); specific 
- volume = specific weight = 2.65). The speed 
of compaction at high pressure and of thick 
layers is however unknown. 

Even if marine clayey "Eem’ sediments are 
considered, the magnitudes of past and future 
compactions, the latter as a function of time, 
cannot be computed. 


There are, however, some indications that 
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both values are not important. 

According to SMITS marine sands show but 
little compaction. We may therefore suppose, 
that the pure holocene sandlayers show neglig- 
ible compaction. But some settlement may be 
expected from the effect of leaching f.i. decal- 
cification. 

According to BENNEMA, the maximum com- 
paction of holocene sediments amounts to 85% 
90%, approx. of the original thickness after 
its sedimentation. 

An extra amount of compaction by oxida- 
tion and decomposition of organic matter is not 
included in this estimate. The percentage men- 
tioned above should be attained in peaty mud 
soils. 

Barlier computations of the Delft Soil 
Mechanics Laboratory in this case resulted in 
even higher values. If these results are revised 
on the basis of new concepts, as advanced by 
GEUZE, lower figures should be expected. 

Generally speaking, the compaction of the 
holocene soil layers will vary between 0 and 
87,5%, of their original thickness after sedi- 
mentation. The comptressibility strongly de- 
pends on the percentages of lutum and organic 
matter. Soils with a high content of lutum 
and/or organic matter will compress strongly. 

Clay soils from the upper layer with a lutum 
content of 30 to 35% of the "Ijsselmeer” 
compress to about half their thickness after 
reclamation, over a period of a 100 years. At 
20%, lutum content the compression is about 
25305. 

An important point in determining the drop 
of a level by compression, is to distinguish be- 
tween the part of the settlement during the 
building up of the soil below that level and 
the part which occurred after it had been at- 
tained. The former part is especially important 
in soil layers built fairly high above the water 
table (f.i. tidal marshes, levees, coastal bar- 
riers, river levees, etc.). The compaction after 
deposition then should be small as compared 
to that occurring during this process. 

In silty marshes and river levees, with a 
silty or sandy subsoil, the settlement over the 
second period will not exceed 10 to 30 cm. 

In clayey marshes 1 metre thick lying on 
silty or sandy subsoil it may amount to 30 or 
40 cm. Clay or peat layers in the subsoil may 
increase these values, depending on the profile 
and the speed of formation of the layers. 

The height of a soil level formed at approxi- 
mately the height of the water table will be 
affected to a greater extent by compaction. In 
the Western part of the Netherlands the soil 
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profiles will show strata which now lie at 3 to 
4 metres below their original level. 

The settlements of a western Netherlands 
peat landscape taken from the time it was 
reclaimed vary between 1 and 2,5 metres. The 
magnitudes seem to depend mainly on the 
layer thickness, as the depth of drainage 


everywhere is the same. 
To the West of Utrecht the settlement was 


found to be about 23% of the original thick- 
ness of the peat. ; 

An enormous settlement was found at some 
places in the IJ-polders. In an old tidal creek 
filed up with peat mud a settlement of 2.5 
metres was measured over 75 years. Outside 
this creek the settlement in the IjJ-polders 
amounts to 1 to 1.5 metres over the same 


period of time. 
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SYMPOSIUM? OUATERNARY CHANGESTIN LEVEL, 


ESBECIAEISZEINZITCHIESNIEIEELERISAINIDIS 


COMPACTION OF SEDIMENTS OLDER THAN HOLOCENE IN RELATION 
TO THE SUBSIDENCE OF THE NETHERLANDS 


i A. J. WIGGERS1 


INTRODUCTION 


The Netherlands Society of Soil Science 
organized a conference on the subject of soil 
compaction on November 20th 1953 at 
Utrecht. This conference had to be a prepa- 
ration for the symposium of the Geological 
Section of the Royal Netherlands Geological 
and Mining Society, concerning the Quaternary 
subsidence of the Netherlands. Summaries of 
the lectures and some considerations and con- 
-clusions of the conference of the Society of 
Soil Science are published in this issue for the 
benefit of the participants of the symposium 
(BENNEMA, GEUZE et al, 1954). 

The present writer lectured on "Compaction 
over very long periods” after preceding lectu- 
res on "Compaction over short periods” and 
"Compaction over longer periods’. Short 
periods have been called those estending over 
80 to 100 years, longer periods those extending 
over a few thousands of years. 

The subsidence of the land in relation to 
mean sea-level can be due to three factors: 
eustatic rise of sea-level, geological subsidence 
of the land and compaction of unconsolidated 
strata. In the Netherlands compaction is 
generally thought to be restricted to the Holo- 
cene strata. These layers show a compaction 
varying between 0 and almost 90 per cent of 
their original thickness. In the western part of 
our country the compressible Holocene layers 
have a thickness of 10 to 20 metres. Com- 
paction of these sediments plays an important 
part in the subsidence of the land, as follows 
from the lectures by SMITS and BENNEMA 
(BENNEMA, GEUZE et al, 1954). 

For the sake of completeness it was desirable 
to consider also the amount of compaction 
occurring at greater depth and over longer 
periods. Investigations in other countries have 
shown that clay layers will obtain their maxi- 
mum density only under a load of thousands 
of metres of sediments. 

Geodetic marks and tide gauges are general- 
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ly foundated on the Pleistocene sand, this base 
being considered not to be liable to any com- 
paction. However, in most cases the Pleisto- 
cene sand is underlain by Pleistocene or 
Tertiary compressible clay layers. So the study 
of the compressibility of these strata has also 
a more practical aim. 

In the Netherlands hardly any study has been 
made about compaction of sediments older 
than Holocene. So the lecture comprised a 
brief review of literature and its application to 
Dutch circumstances. 


SOME DEFINITIONS 
For a good understanding of the graphs it 
is necessary to know some terms and defini- 
tions, the latter mainly according to HEDBERG 
(1936). 
Grain density (mineral density, absolute den- 
sity) is the density of the constituent particles 
of a rock, that is, the rock substance free from 
pore space. 
Bulk density (rock density, lumb density) is 
the density of the thoroughly dry rock, that is, 
the rock with the pore space free of liquids. 
Natural density is the density of the rock with 
all pore space filled with water. 
Porosity is the percentage of total rock volume 
occupied by pores or voids. The porosity is 
calculated by use of the formula: 
bulk density 
per cent porosity = 100 (1 I 
grain density 
Void ratio is the ratio of the volume of voids 
to the volume of solid particles in a rock. 
Hence, if the porosity is p and the void- 
100 & 


ratio is e, then e = and p = N 

100—p Ir & 

Compaction is expressed as the percentage 

reduction of rock volume. Compaction is 
Pi P2 

or by es 
Ihre; 100— pa 

the initial void-ratio, e, the final void-ratio, p 

the initial porosity and p, the final porosity. 
If the grain density shows only slight dif- 
ferences compaction can be computed directly 
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measured by 
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from the decrease of bulk volume (specific 
volume). Bulk volume is the volume of? 1r7g 
thoroughly dry rock with pore space. 

Often compaction is demonstrated by the 
decrease of porosity (ATHY, 1930; HEDBERG, 
1936). It may be useful to emphasize that the 
relation between compaction and porosity is 
not linear; e.g. a decrease of porosity from 90 
to 80 means a compaction of 50 per cent, a 
decrease from 40 to 30 means a compaction 
of only 14 per cent (fig. 1). 
Lower liquid limit is the water content at 
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Fig. 1 — The relation between compaction and 
porosity (initial porosity 90 per cent). 


which a mud or clay changes from the liquid 
to the plastic state. 

Lower plastic limit is the minimum water 
content at which a clay changes from plastic 
to the semi-solid state. 

Shrinkage limit is the minimum water content 
at which a clay changes from the semi-solid 
to the solid state, defined by TERZAGHI (1926) 
on the minimum water content at which volume 
ceases to diminish by evaporation, 


HISTORICAL REVIEW 


HEDBERG (1936) and JONES (1944) gave a 
historical review of ideas on pressure-volume 
relations in clay and shales. The following is 
borrowed from these papers. 

In 1908 SORBY published the results of his 
experiments on various sediments. He suggested 


that "the amount of interspaces varies in some 
way inversely as the pressure‘. The paper of 
SORBY shows that he had a very clear con- 
ception of the process of compaction. SORBY's 
paper received little recognition. 

In 1920 BLACKWELDER called attention to 
the possible origin of the Kansas domes as a 
result of compaction of the Pennsylvanian 
shales and limestones, deposited over an uneven 
erosion surface of granite or Palaeozoic 
limestones. Already before 1920 (SHAW, 1918) 
but mainly in the years succeeding 1920 the 
influence of compaction in the origin of oil 
field structures have been discussed. 

In 1926 HEDBERG attempted a quantitative 
evaluation of the compaction of sediments, 
based principally on porosity data from the 
Ransom well of Kansas. 

In 1927 HEDBERG and RUBEY discussed the 
most suitable formula to represent the poro- 
sity/depth data. 

In 1930 ATHY presented his famous and 
often cited paper on the determination of the 
density of some 2200 specimens and of the 


0 3 


DEPTH m 
7000 FEET 


Fig. 2 — Porosity-depth curve (after Arhy, 1930). 


porosity of 200 samples from oil wells in 
Oklahoma and Texas. ATHY plotted the den- 
sity and porosity values against the depth. 
The curve of figure 2 represents the porosity- 
depth relation. The broken part of the curve 
is hypothetical and represents this relation in 
younger beds, which were removed by erosion 
in the area studied. 

Figure 3 represents the compaction-depth 
relation calculated from the increase in bulk 
density or the decrease in porosity, the initial 
density taken as 1.4 and the porosity as 48 
per cent. 

For depths exceeding 2000 feet ATHY's 
results showed a considerable divergence from 
those, set forth by HEDBERG in 1926. 

In 1936 HEDBERG published new data of 
samples of Tertiary shales from wells drilled 
in Venezuela. He believes that the data from 
well AB are particularly suited for determining 
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the relation between pressure or depth and 
porosity or density of shale for the following 
reasons: 


"ij, It was a deep test in undisturbed and essen- 
tially horizontal Tertiary strata far removed 
from areas of major tectonic disturbance. 


2. There is an excellent core record. 


The strata consisted in large part of shale and 
there was little difficulty in procuring shale 
samples that were free from appreciable sand 
impurity. 


4. Absence of major unconformities in the section 
makes it possible to assume that existing over- 
burdens are essentially maximum overburdens. 


5. Approximate density determinations were made 
by the samples at the well for every important 
change in lithology throughout the greater part 
of the section, so that the approximate con- 
version of depth to pressure has been possible’. 


In two figures HEDBERG plotted density 
and porosity against depth of overburden. 
However the fundamental relation is between 
pressure and porosity, so depth must be con- 
verted to pressure. As the natural density of 
shale overburden increases with depth and as 
overburdens rarely are made up entirely of 
pure shale, pressure of overburden is not 
equivalent to depth of overburden. HEDBERG 
was able to convert depth into pressure in the 
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Fig. 4 — Relation of pressure to the porosity of 
clays and shales (after HEDBERG, 1936). 
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case of well AB. In this conversion he assumed 
that the interstitial water in the rock is held 
by adsorption and does not exert a hydrostatic 
uplift on the mineral particles. 

The relation between pressure and porosity 
in Venezuela wells is shown in figure 4 
(curve B-B). The curve C-C is based on data 
from the Ransom well. As little information 
was available on pressure-porosity relation 
under slight overburdens, curve A-A was based 
on experimental data from TERZAGHI (1925). 

It is the great merit of HEDBERG that he 
tried to show in diagram the relative impor- 
tance of the different processes involved in the 
compaction of clays and shales (fig. 5). 
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Fig. 5 — Relative importance of different processes 

in the compaction of clay and shale (after HEDBERG, 

1936). 

In the summary and conclusions HEDBERG 
writes: "In conclusion, it may be said that our 
knowledge both of the actual quantitative 
relations of pressure to volume in clays and 
shales, and the processes involved in com- 
paction is still very incomplete'. 

"More data are needed on the porosities of 
natural sediments under known pressure and 
problems such as the bearing of time on com- 
paction, the manner in which the water is 
removed from dense and extremely fine-grained 
sediments, and the course of recrystallization 
in argillaceous rocks urgently call for investi- 
gation”. 

In 1944 SKEMPTON published a paper on the 
compressibility of clays. He examined the 
compaction of different types of clay, as 
demonstrated in consolidation tests in the 
laboratory and compared those with the true 
compressibility of clays in nature. Sedimenta- 
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tion compression curves (relation between 
void-ratio and increasing pressure for a clay 
in nature, due to an increasing thickness of 
overlying sediment) are given in figure 6, 
compared with two laboratory compression 
curves. The void-ratios have been calculated 
from the water content and the grain density, 
the pressure from the depth of overburden. 
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Fig. 6 — Data on sedimentation compression curves 
with two laboratory compression curves for com- 
parison (after SKEMPToN, 1944). 


There is a considerable difference between 
pressure calculated from depth of overburden 
whether hydrostatic uplift is taken into account 
or not. JONES (1944) showed that in calcula- 
tion of pressure from depth of overburden the 
rule of TERZAGHI (full allowance for hydro- 
static uplift for the layers below ground-water 
table) can be assumed for sediments with high 
void-ratios and HEDBERG’s rule (no reduction 
for hydrostatic uplift) for low or very low 
void-ratios. 


Figure 6 shows that the laboratory com- 
pression curve for a certain type of clay falls 
below the sedimentation curve, SKEMPTON 
proved that laboratory curves for undisturbed 
samples lie closer to the sedimentation curves 
than do these for slurries. But even the labora- 
tory curves for undisturbed samples show a 
discrepancy from the sedimentation curves, 
probably due to the rate of loading which in 
laboratory tests is uncomparably more rapid 
than in nature. As mentioned in the general 
considerations (BENNEMA, GEUZE et al, 1954), 
GEUZE stated that instantaneous loads (as used 
by SKEMPTON) produce a higher compressibili- 


ty than gradually increasing loads. Compaction 
computations based on coefficients obtained 
from instantaneous loading yield higher values. 
It seems probable that the discrepancy, men- 
tioned by SKEMPTON, between laboratory 
compression curves and sedimentation com- 
pression curves, may be partly explained by 
the instantaneous loading in the laboratory. 

In 1950 JOHNSON wrote about shale density 
analysis. He gives a graph, reproduced from a 
private report of SKEELS, in which a great 
number of density/depth curves have been 
combined. After elimination of two curves and 
shifting of two others SKEELS got a number of 
curves which agree fairly well. SKEELS’ average 
shale density/depth curve, published by JOHN- 
SON, can be consedered as the best curve 
available. This average curve agrees fairly 
will with the curve of HEDBERG (1936). 


The foregoing dealt with the compaction of 
clay to shale. As ATHY pointed out, changes 
in density in sand caused by pressure are small 
compared with those caused by other agencies. 
Especially the amount of cementation greatly 
influences the porosity of sand, so it is im- 
possible to plot density or porosity to depth 
or to pressure. Moreover the initial porosity 
of sand shows a great variability. 

ATHY mentioned a laboratory test with sand 
which showed only a compaction of 2 per cent 
if placed under 4000 pounds pressure after 
settling of the sand in water under continuous 
jarring. 

THIADENS and HAITES (1944), regarding 
the genesis of coal measures, emphasized the 
differences in compaction of the various 
sediments, which may play an important part 
in the understanding of the related phenomena. 
They concluded that hardly anything is known 
about the magnitude of original peat, needed 
to yield one ultimate foot of coal. 

ASHLEY (1907) gives the following figures: 
31% feet of hard, dense peat correspond to 
l foot of coal and to 14 feet of original vege- 
table matter. KENDALL (1916) assumes that 
peat is reduced to coal in a ratio of 20 : 1. The 
other authors (e.g. ATHY, HEDBERG) do not 
deal with the compaction of peat. 


THE FACTOR TIME IN COMPACTION 


As mentioned by GEUZE (BENNEMA, GEUZE 
et al, 1954) the application of the consolidation 
theory has been hampered by insufficient 
knowledge of the factor time in compaction. 
HEDBERG mentioned that the bearing of time 
on compaction urgently calls for investigation. 


JONES (1944) remarks that it is generally 
agreed that the degree of consolidation is in- 
dependent of time. This would implie that 
recent sediments show the same degree of 
consolidation as older (e.g. Palaeozoic of 
Tertiary) sediments of the same type and 
subjected to the same load of overlying sedi- 
ments. 

According to TERZAGHI (1925) it is found 
that the rate of compaction decreases with 
increasing time after loading. For a thickness 
of a sample of clay of 2 cm equilibrium is 
approximately reached after some hours. "The 
retarding effect of the thickness of the layer 
on compaction is represented by a quadratic 
law. BUISMAN (1940) pointed out that it is 
necessary to distinguish between direct con- 
solidation and secular consolidation. He proved 
that in extreme cases no retarding effect of 
the thickness of the layer can be expected. It 
may be clear that laboratory tests hardly can 
contribute to the knowledge of the influence 
of time on compaction when dealing with geo- 
logical periods. 

HuizınGA (1940) used laboratory data of 
Holocene sediments in order to estimate the 
compaction of these strata over longer periods. 
He dealt with the influence of time on com- 
paction, but his periods are too short for our 
considerations. 

In literature we could not find any further 
investigation concerning the influence of the 
fartor time. All investigators determine a 
porosity or a density at a given depth, calculate 
the pressure from the depth of overburden, 
estimate the initial stage of porosity and plot 
the decrease of porosity against depth of 
overburden. They suppose that at every depth 
equilibrium has been reached. 

In the summaries of the lectures on com- 
paction (BENNEMA, GEUZE et al, 1954) three 
causes of compaction are mentioned: changes 
of hydrological conditions, increasing load due 
to increasing overburden and consolidation as 
a function of time, due to the own weight of 
the layers. 

This points to the fact that we are of opinion 
that it is not allowed to suppose that at every 
depth a real equilibrium has been reached. 
Older, e.g. Pleistocene and Tertiary clay and 
peat layers may show compaction, even when 
"the hydrological conditions are not changed 
and the thickness of the overburden does not 
increase, The speed of compaction at high 
pressure and of thick layers is, however, 
unknown. 
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SOME DATA ON POROSITY OF DUTCH 
PLEISTOCENE CLAYS 


Recent mud in the I]Jselmeer with a clay 
content of 40 per cent shows a porosity of 
about 85 per cent. At a depth of some deci- 
metres beneath the surface porosity has been 
reduced to 75—80 per cent. Marsh sediments 
lying above normal high tide and with the same 
clay content show porosities of about 65 per 
cent. So these soils undergo a small com- 
paction after reclamation, compared with the 
mud soils in the IJselmeer. After drying out by 
evaporation and transpiration during some 
centuries the porosity may decrease to 50 per 
cent. This value is found in the top layers in 
Dutch polders, reclaimed some centuries ago. 
In the porosity/depth curves a porosity of 
about 50 per cent generally is taken as the 
initial value. 


We collected data on the porosity of marine 
clayey Eem sediments at a depth of about 20 
metres, in order to establish the rate of decrease 
of porosity. The average porosity of the clays 
amounted to 50 per cent. From this figure we 
may conclude to a compaction of 50 per cent 
of the original thickness, supposing an initial 
porosity of 75 per cent, or to no compaction 
at all, supposing an initial porosity of 50 per 
cent. 

The Eem layers have a thickness of some 
metres. After the deposition of these strata 
the geological subsidence in the coastal area 
of the Netherlands amounted to 30 metres. So 
it may be concluded that subsidence of the 
land, due to compaction of the marine clays of 
the last Interglacial did not play an important 
part, although the magnitudes of past and 
future compactions, the latter as a function of 
time, cannot be computed. 


A great number of data on the porosity of 
clays, deposited in the northern part of our 
country before the advance of the Riss ice 
sheet, were available. This clay is an over- 
consolidated clay, as it was subiected to the 
load of the ice sheet during the Riss glaciation. 
Notwithstanding this, the porosity still 
amounts to 55 per cent. Perhaps it will be 
possible to calculate the pre-consolidation load 
by a consolidation test (HUIZINGA, 1940; 
SKEMPTON, 1944) "The factor time, however, 
will hamper the application of this part of the 
consolidation theory, as the "layer thickness 
effect’ also plays a role in these considerations. 
Uptill now it is impossible to determine the 
degree of consolidation nor the degree in which 
a pre-consolidated sediment has achieved its 
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new porosity or density after removal of the 
load. 

Pleistocene, probably Reuverian clays at a 
depth of 20-25 metres have a porosity of 
40—45 per cent. 

Tertiary, over-consolidated clays at a depth 
of 0--10 metres show porosities of about 45 
per cent. 

In the clays mentioned the clay content 
amounted to 40 per cent. SKEMPTON (1944) 
pointed out that the constants of compressibility 
show a fairly close correlation to the clay 
content. Exceptions were provided e.g. by the 
boulder clays. The Dutch boulder clay, oc- 
curring in two types which differ e.g. in clay 
content, show porosities not related to the 
clay content. The porosity amounts to 30—35 
Peiseent 

It would be possible to give still more data 
on the porosity of Dutch clays. The variation 
in porosity of clays at a depth between 0 and 
30 metres is fairly large. T'he porosities found 
also occur in recent layers at the surface. The 
pressure at the depth of about 30 metres is 
however not high and certainly not in com- 
parison with the capillary forces, caused by 
evaporation. 


CONCLUSION 

Applying the foregoing considerations to 
Dutch circumstances it may be stated that the 
subsidence of the Dutch coastal area during 
the Holocene, due to compaction of older 
sediments is not important. 

Although the Tertiary clayey sediments may 
amount to several hundreds of metres (PAN- 
NEKOEK, 1954) it is unlikely that these layers 
would not have reached fairly a state of equi- 
librium at the beginning of the Holocene. The 
same conclusion may be drawn for the Lower 
and Middle Pleistocene sediments; moreover 
these sediments are mainly sandy. 

We have shown that even the compaction 
of the Eem sediments cannot be estimated. 
Their total compaction may lay between 0 and 
50 per cent. Even in the most unfavourable 
case — linear relation between compaction and 
time and a total compaction of 50 per cent — 
the share of the compaction of these layers in 
the total subsidence of the Netherlands is very 
small. Apart from these Eem sediments the 
Upper Pleistocene consists almost entirely of 
sand. 

Therefore in our opinion the entire com- 
paction of the Tertiary and Pleistocene sedi- 
ments during the Holocene although principally 
not negligible, must be very small and it can 


be left out of consideration compared with the 
geological subsidence of‘ the land and the 
eustatic movements of sea-level. 
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SYMPOSIUM: QUATERNARY CHANGES 


INZIIEIV EI, 


ESPEETALLY INT THE NETHERLANDS 


RESUME OF LATE RECENT GEOLOGICAL HISTORY 
OESEHERCULK COAST 


RUFUS J. LEBLANC! AND HUGH A. BERNARD! 


INTRODUCTION 


The Recent? Gulf coastal plain of the 
southeastern Ulnited States has been studied in 
considerable detail during the past twenty 
years. The most notable contributions have 
been made by FISK and RUSSELL, from whose 
studies the late geological history of the Gulf 
region, especially that of southern Louisiana, 
has become comparatively well known. 

The Recent geology of the lower Rhine 
River valley and delta, as well as of the 
northern coast of Holland, has also received 
much attention. The outstanding contributions 
of TESCH, EDELMAN, STEENHUIS, UMBGROVE, 
and others to the Recent geology of that coun- 
try are well known. As in the Gulf Coast 
region, a great mass of information pertinent 
to the Recent environments of deposition, their 
related sediments and the late geological his- 
tory of Holland has been accumulated. 
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Fig. 1 — Graphic representation of Fısk's con- 
clusions regarding history of sea-level changes since 
last ice age. ; 


A review of the above studies clearly in- 
dicates that the Gulf Coast geologists and the 
Dutch geologists do not agree on the inter- 


1 Shell Development Company, Houston, Texas. 


2 The Recent (Holocene) epoch is herein con- 
sidered to have begun with the melting of the last 
Pleistocene glaciers and resultant sea-level rise about 
25,000 years ago. All sediments laid down on the 
Gulf coastal plain and in the Gulf of Mexico since 
the last ice age are considered to be of Recent age. 


pretations regarding the Recent history of sea- 
level changes. 


In the Gulf region Fısk (1940, 1944, 1947, 
1952) has reached certain conclusions regard- 
ing the changes in sea level and subsidence. 
His conclusions, based on the study of geo- 
morphology of the coastal plain and the 
stratigraphy of late Quaternary deposits, 
especially the Recent sediments, can be sum- 
marized as follows: The Recent history is 
divided into two stages — a rising sea-level 
stage and a standing sea-level stage. The rising 
sea-level stage began with the melting of the 
Pleistocene glaciers, approximately 25,000 
years ago and continued until about 5000 years 
ago when the sea reached its present level. 
There have been no changes in sea-level during 
the last 5000 years. This history is diagram- 
atically summarized in figure 1. 

UMBGROVE’s (1950, 1951) conclusions re- 
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Fig. 2 — Graphic representation of the supposed 
movements of sea-level and subsidence of the bot- 
tom (in Holland). After UlmscrovE (1950). 


garding late Recent changes in sea-level, based 
principally on the study of coastal features, 
tidegauge data, and the occurrences of peat 
and marine deposits (sea clay) in western Hol- 
land, can be summarized as follows: Following 
the last ice age, sea-level continued to rise 
until it reached its maximum or highest level 
about 5000 years ago (3000 B.C.). This was 
followed by a worldwide lowering of sea-level 
of approximately 6 meters (19.7 £t) during the 
period 3000 B.C. and 850 A.D. Since 850 A.D. 
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there has been a slight rise |less tnan one-halt 
meter (1.6 ft)]. Sea-level is now approximately 
6 meters lower than it was 5000 years ago. 
UMBGROVE’s supposed movements of sea-level 
and subsidence in Holland are summarized on 
figure 2. 

The "spit theory” previously advanced by 
TESCH (1927) to explain the origin of the 
Dutch coast postulated an uninterrupted post- 
Pleistocene rise in sea-level. UMBGROVE (1950) 
rejected TESCH’ theory of continually rising 
sea-level on the grounds that it offered no 
adequate explanation for many features along 
the Dutch coast. 

The primary purpose of this paper is to 
review the work of Gulf Coast geologists and 
to summarize the evidence for or against major 
changes in sea-level during the latter part of 
Recent times, that is, the last 5000 years. A 
complete knowledge of late changes in sea- 
level is essential in connection with numerous 
investigations of Recent sediments which are 
being conducted for the purpose of establishing 
criteria for recognition of depositional environ- 
ments of ancient strata. 


LATE QUATERNARY GULF COASTAL 
PLAIN 


The physiography of various parts of the 
late Quaternary Gulf coastal plain has been 
described in detail by several geologists. Since 
1936 RUSSELL. (1936, 1938-40, 1948) and FISK 
(1939, 1940, 1944, 1947, 1951, 1952) have con- 
ducted extensive detailed studies of the Recent 
and late Pleistocene of the Mississippi Valley 
region and southern Louisiana. In Texas, 
studies were conducted by BARTON (1930), 
DOERING (1935), and PRICE (1947). Detailed 
investigations such as those of FISK's in 
Louisiana have not been conducted in Texas. 

On the basis of field observations and geo- 
morphological analyses, utilizing topographic 
maps and aerial mosaics, the late Quaternary 
coastal plain has been divided into two prin- 
cipal physiographic units: The Recent coastal 
plain Iying adjacent to the Gulf and an inland 
late Pleistocene plain which developed during 
the last interglacial stage. Most writers agree 
that the Recent and late Pleistocene surfaces 
have developed similarily inasmuch as both 


these plains are characterized by hundreds of 
scars or traces of abandoned streams, deltas, 
beaches and other physiographic features. 


The Recent surface consists of the huge 
deltaic plain of the Mississippi River in south- 
eastern Louisiana and of the interdeltaic 
marshes in southwestern Louisiana (see figure 
3). The Mississippi deltaic plain consists 
predominantly of near-sea-level marshes con- 
taining numerous bayous, lakes, and bays. Pro- 
minent abandoned distributary ridges of the 
Mississippi River are common in the region 
(see plate 1, A). The modern and abandoned 
ridges rise only a foot or two above marsh or 
sea-level at the coast and increase gradually 
in elevation inland to at least 15 feet above 
sea-level in the latitude of New Orleans. 
RusseELL (1936, 1940) and Fısk (1944, 1952) 
have studied these distributary ridges in detail 


and have reconstructed several abandoned 
deltas of the Mississippi River. 
Northward the Mississippi deltaic plain 


merges with the wooded alluvial valley. FISK 
(1944, 1947, 1952) has shown that this valley 
is characterized by numerous abandoned me- 
ander belts (which have been subdivided into 
natural levees, point bars, and abandoned 
channels) and inter-meander belt backswamps 
or flood basins. Studies conducted by the wri- 
ters during the past five years show that similar 
features occur in all other Recent alluvial 
vallys of the Gulf coast from western Flo- 
rida to the Mexican boundary. 

In southwestern Louisiana the Recent coastal 
plain is a comparatively narrow east-west belt, 
10 to 15 miles wide, and is characterized by 
flat near-sea-level marshes, fresh and brackish 
water lakes, and numerous east-west trending 
stranded beach ridges lined with live oaks and 
called cheniers (see plate 1, B). These cheniers, 
discussed by RUSSELL and HoWE (1935) and 
HOWE, RUSSELL and MCGuirT (1935), vary 
in elevation from 0 to 12 feet throughout the 
region. The variation in elevations of the older 
tidges, some 12 miles inland from the coast, is 
approximately the same as that of the younger 
ridges at the coast. These beach ridges and 
intervening mud flats and marshes were formed 
contemporaneously with the development of 


PLATE 1 


A — Recent abandoned distributaries of Mississippi River in Louisiana. Elevations of natural levee crests 
vary from 15 feet upstream (north) to 8 feet downstream. Marshes are about I foot above sea-level. 
Bayou Black is a distributary abandoned about 400 A.D., and other distributaries belong to a delta system 
abandoned about 1200 A.D., according to Fısk, 1952. (Courtesy, Tobin Aerial Surveys, Inc.). 

B — Recent interdeltaic coastal plain of Louisiana characterized by cheniers (stranded beach ridges) and 


marsh. Variations in elevation (0—12 feet) of ridges, 


including modern, are strong evidence for a standing 


‚ea level during late Recent. (Courtesy, Tobin Aerial Surveys, Inc.). 


On 
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the Mississippi River deltaic plain to the east 
during the standing sea-level stage (approx- 
imately the last 5000 years). Sediments de- 
posited in this region were derived primarily 
from the Mississippi Delta and were trans- 
ported westward by longshore currents. This 
process of development of beach ridges, mud- 
flats, and marshes in this part of the state, 
contem»oraneous with the development of the 
modern Mississippi Delta, 250 miles to th 
east, is still active today. : 


The distribution of the Recent surface in 
Texas is also shown in figure 3. The two prin- 
cipal deltaic plains of the Texas coast are 
those of the Brazos-Colorado rivers and the 
Rio Grande. During the standing sea-level 
stage these rivers have constructed huge deltaic 
plains which protrude into the Gulf of Mexico. 
These deltaic plains are marked by several 
abandoned stream meander belts (see plate 


-2, B) which lie only a foot or two above sea- 


level at the coast line and increase in elevation 
landward. 

The smaller streams of the Texas Coast, 
such as the Trinity, the San Antonio, and the 
Nueces rivers (see figure 3), transport com- 
paratively little sediment to the coast today. 
The lower sections of their valleys (Galveston 
Bay, San Antonio Bay, and Corpus Christi 
Bay), which were entrenched during the last 
ice age and drowned during the rising sea-level, 
are being filled today but at a much slower 
rate than are the valleys of the larger streams. 


Within the inter-deltaic region of the Texas 
coast the distribution of most of the Recent is 
limited to a very narrow belt (approximately 
7 miles wide) which includes barrier islands, 
lagoons, and fringing marshes. A classification 
of this group of environments is also shown in 
figure 3 and an airphoto mosaic of typical 


. examples is shown in plate 2, A. Beach and 


mud-flat accretions, which are generally pa- 
rallel to the coast, are present on most of the 
barrier islands, such as Galveston, Matagorda, 
St. Joseph, Padre, and several other islands 
east of the Mississippi River. Like the cheniers 
of Louisana, both the modern and stranded 
beach ridges of the barrier islands vary in 
elevation from 0 to 12 feet approximately. In 
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some places these ridges have been masked by 
sand dunes which are several feet higher in 
elevation. There is no historic evidence of 
appreciable general changes in shoreline posi- 
tions of these islands, yet aerial photographs 
and topographic maps make it clear that these 
ridges accreted to the islands during the 
standing sea-level stage. Their growth sea- 
ward must therefore be very slow, and they 
undoubtedliy developed contemporaneously 
with the cheniers and Mississippi deltas of 
Louisiana previously discussed. Depending 
upon variations in long-shore currents and 
sediment supply, some beach and mud flats 
have been and are being eroded locally by the 
sea for short periods of time; however most 
of the barrier islands have grown seaward by 
accretion during the standing sea-level stage. 


Well-defined abandoned meander belts and 
beach ridges, resembling those on the Recent 
surface, also occur on the late Pleistocene 
surface of Louisiana and Texas (see plate 3, 
A and B). Late Pleistocene (last interglacial 
stage) deltaic plains of the Mississippi and 
Red Rivers (southwest Louisiana) and of the 
Trinity River (southeast Texas) have been 
discussed by Fisk (1951) and BARTON (1930), 
respectively. PRICE (1947) mapped the dis- 
tribution of barrier islands of late Pleisto- 
cene age along the Texas coast between Corpus 
Christi and Beaumont. Most Gulf Coast geo- 
logists agree that these deltas and barrier 
islands developed during the standing sea-level 
stage of the last Pleistocene interglacial stage 
when the conditions were analogous to those 
of the standing sea-level stage of the Recent 
epoch. Since it was formed, the late Pleistocene 
surface of the Gulf Coast was tilted seaward 
slightly so that it plunges seaward beneath the 
Recent deposits near the coast and rises above 
the modern river flood plains inland. Late 
Pleistocene marine and brackish water faunas 
and organic deltaic deposits of the same age 
have been found slightly above sea-level inland 
and below sea-level seaward of the present 
coast. The seaward slope of the late Pleisto- 
cene surface varies somewhat, but its average 
is slightly over a foot per mile and is greater 
than the slope of the Recent plain. 


PLATE 2 


A — Late Quaternary barrier islands of south Texas Coast. Similar variations in elevations (0—12 feet 


approx.) of Recent beach ridges on Matagorda Island 
Much of the Pleistocene barrier island (5—30 feet) 


sea-level. (Courtesy, Tobin Aerial Surveys, Inc.). 


indicate a standing sea-level. 
would have been destroyed during a higher late Recent 


B —- Abandoned meander belts on Recent Rio Grande deltaic plain of south Texas. Presence of abandoned 


courses (equal in elevation at similar distan 


are evidence for a late Recent standing sea-level stage. 


ces upstream), and absence of marine deposits and shore features 
(Courtesy, Tobin Aerial Surveys, Inc.). 
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Fig. 3 — Recent depositional environments of Gulf Coastal Plain of Louisiana 
Circled numbers indicate locations of aerial mosaics shown on plates 1-3: (4) 


8) plate 3B; (9) plate 3 A. 
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The coastal plain of Louisiana and Texas, 
which extends for a distance of 750 miles, is 
characterized by hundreds of exceptionally 
well-defined stream meander belts and dis- 
tributary channels of both Recent and Pleisto- 
cene age (fig. 4). I£ sea-level had been 1 to 
6 meters higher during the last 5000 years much 
of this plain would have been submerged, and 
marine erosion and deposition would have 
occurred in large areas which are unquest- 
ionably of deltaic origin and of Recent and 
Pleistocene age. The complete absence of late 
Recent (last 5000 years) marine sediments, 
faunas, and shoreline features above the mo- 
dern proves conclusively that sea-level could 
not have been relatively higher, such as 6 
meters as postulated by UMBGROVE (1950, 
1951) and DALy (1934) (see figure 4). 


RECENT STRATIGRAPHY 


A great mass of information has been ob- 
tained from shallow borings drilled along the 
Gulf Coast in the past 20 years and as a result 
the nature and distribution .of the Recent 
deposits are rather well known. Agencies which 
have made thousands of borings for different 
purposes along the Guif Coast include the U.S. 
Engineers (Vicksburg, New Orleans, Mobile, 
and Galveston Districts), the Mississippi River 
Commission, the U.S. Waterways Experiment 
Station, state highway departments, railroad 
companies, water-well drillers, consulting en- 
gineers, and most oil companies. Petroleum 
companies alone have drilled hundreds of 
thousands of seismic shotholes. Engineers have 
made special core borings in connection with 
foundation studies for bridges, highways, 
causeways, dams, and lock sites, as well as for 
navigational purposes (canals, ship channels, 
etc.). 

In connection with his studies for the Mis- 
sissippi River Commission, FISK (1944, 1947, 
1952) collected all the available boring data 
in southern Louisiana from various sources. 
His reports contain dozens of cross sections 
based on core-boring data which illustrate the 
characteristics and occurrence of Recent de- 
posits to depths of over 450 feet in the Mis- 


sissippi Valley. FisK’s subdivision of the Recent 
deposits into a sand and gravel substratum and 
a silt and clay topstratum is shown in figure 5. 
Several other cross sections of the Mississippi 
River and other tributary streams are contained 
in his 1947 report. 

The contact between the Recent and late 
Pleistocene deposits in the Gulf Coast region 
is generally recognized without much difficulty 
(see plate 4). Deposits of late Pleistocene 
age along the coast and on the exposed con- 
tinental shelf were subjected to considerable 
weathering, oxidation, and erosion during the 
last glacial stage when sea-level was at least 
400 to 450 feet lower than it is today. All 
Gulf Coast streams deeply entrenched their 
valleys, and these late Pleistocene deposits lost 
a great portion of their water content and were 
compacted and altered. The younger sediments 
of the Recent epoch which were deposited 
during rising and standing sea-level stages rest 
unconformably over the Pleistocene and are 
usually very soft and have a high water 
content. 

The basal portions of the Recent deposits in 
the alluvial valleys consist largely of poorly 
sorted sands and gravels and are considered 
to have been laid down by braided streams 
(see figure 6). When sea-level reached its 
stand approximately 5000 years ago, the Mis- 
sissippi River began to meander. Since that 
time it has constructed and abandoned several 
meander belts and in so doing it has reworked 
some of the older braided stream deposits. 
Contemporaneous with the development and 
abandonment of meander belts in the valley, 
several deltas were formed and abandoned 
along the coast, while beach ridges and marshes 
were developed in southwestern Louisiana. 

The character of Recent deposits associated 
with the modern Mississippi River Delta and 
some of the older abandoned deltas of the 
Mississippi in southern Louisiana are also dis- 
cussed in detail by Fısk (1952). The earlier 
deposits of the standing sea-level stage closely 
resemble those that are now being laid down 
in modern environments. An interpretation of 
the history of deposition of these standing sea- 


PLATE 3 


Ne Late Pleistocene Mississippi River meander belt of Louisiana. Occurrence of well-defined meanders 
(eıevations 1—10 feet) and absence of late Recent marine deposits and shoreline features on this surface are 
evidence against a higher sea-level during the last few thousand years. (Courtesy, Tobin Aerial Sur- 


veys, inc.). 


B — Late Pleistocene Trinity River meander belts of Texas. In this area this surface, unquestionably of 


deltaic origin, varies in elevation from 35 feet (north) 
under the near-sea-level late Recent marsh deposits. 


to 15 feet (south). It continues southward and dips 


Late Recent shoreline features and deposits do not 


occur above this level. (Courtesy, Tobin Aerial Surveys, Ind.). 
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Typical surface and subsurface Recent- 
subsurface contact resulted from weathering and oxidation of Pleistocene de 
sediments (reducing condition) during rising and standing sea-level stages. 


posits during low sea-level stage (glacial) 


RECENT 


gray, very soft, fossiliferous 
cloy, with few silty, very 
fine sand layers # pockets; 
high moisture content. 


PLEISTOCENE 


oxidized, mottled, yellowish- 
brown, nonfossiliferous, very 


firm silty clay; low moisture 
content. 


Pleistocene contacts. Pleistocene (interglacial) deposits dip under late Recent sediments near coast. Prominent 
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Fig. 5 — Cross sections of the Lower Mississippi alluvial valley. Absence of marine deposits is evidence 
against higher late Recent sea-level. Radiocarbon age of wood at A is 2900 + 300 years; Rangia shells at B 
are 8850 + 150 years; wood at C (below Recent-Pleistocene contact) is inert, i.e., over 28.000 years. See 
figs. 4, 6. (Slightly modified after Fısk (1952). Courtesy, Mississippi River Commission.) 


level deposits (abandoned channel, natural 
levee, beach, etc.) is thereby fairly easy. The 
interpretation of the history of deposition of 
the older rising sea-level deposits is somewhat 
more difficult inasmuch as rising sea-level en- 
vironments are no longer present along the 
coast for observation and application to the 
study of older sediments. 

The age determination by radiocarbon dating 
of three samples obtained from various depths 
in the Mississippi River Valley section agreed 
with previously established geologie dates 
(FisK, 1952). Wood from a depth of 25 feet 
was dated 2900 = 300 years old, Rangia shells 
from a depth of 73 feet were dated 8850 = 
150 years old, and wood from a depth of 273 


feet, immediately below the Recent-Pleisto- 
cene contact, was inert (over 28,000 years old), 
(for position of samples see figure ah 

A 6-meter (19.7-feet) lowering in sea-level 
during the last few thousand years should cer- 
tainly have had a major effect on sedimentation 
along the Gulf Coast. The writers agree with 
FisKk, however, that all stratigraphic evidence 
indicates that sea-level rose during the last 
25,000 years (since the last ice age) and re- 
ached its present stand about 5000 years ago. 
There is no evidence in the Recent sedimentary 
section to indicate a sea-level lowering of 


6 meters between 3000 B.C. and 850 A.D. and 


a later rise. 


Miss, River 


Late Glacial Entrenched Stage - Sea Level 400 ft. lower than present, 
Valley slope 0.83 ft. per mile 
Master stream overloaded, braided, carrying gravels to Gulf of Mexico. 


Valley Aggradation Stage 2 - Sea Level 20 ft. lower than present. 

Valley slope 0,68 ft. per mile 

Final period of overloaded braided stream. Mississippi River carryıng silts and sands. Thick deposits of 
backswamp silts and clays building up in marginal lowlands, 


Abandoned Cocodrie 
| Meander Belt 


Walnut Bayou 
f Meander Belt 


Zone of migration of 
Walnut Bayou Meander Belt 


Valley Aggradation Stage 4 - Mississippi River occupyıng Walnut Bayou Meander Belt. Diversion from Cocodrie 
Meander Belt brought river into floodbasın west of Cocodrie Meander Belt Ridge. Backswamp deposits 
destroyed within zone of „(ver migralion. 


"Sands and Gravelg, 


Valley Aggradation Stage 1 - Sea Level 100 ft. lower than present. 

Valley slope approx. 0,75 ft per mile 

Master stream overkoaded, braided, @arrying sands and fine graveis as far downstresm as present Gulf 
shoreline 


er 


“55277 Zone ol migration of 
\ Cocodrie - Miss. River 
Meander Belt 


Valley Aggradation Stage 3 - Sea Level at present elevation 

Valley slope approx. 0,60 ft. per mile. Construction of Cocodrie Meander Belt. 

Meandering deep-channel stream with great stage varıation gradually replaced braided Shallow-channel 
constantly flooding stream. 


Abandoned Walnut 
Bayou Meander Beit 


Base of original 


backswamp deposits Zone of migration of 


present meander belt 


Present Stage -Mississippi, diverted from Walnut Bayou Meander Belt west of Vicksburg established present 
course in lowland east of the Cocodrie Meander Belt Ridge. 
(After 


Fig. 6 — History of Mississippi alluvial valley. (Courtesy, Mississippi River Commission). 
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FISK, 1947) 


SEA-LEVEL CHANGES’AND SUBSIDENCE 


MARMER (1952) shows a rise of sea-level 
for four stations along the Gulf Coast (Key 
West, Cedar Keys, Pennsacola Florida; and 
Galveston, Texas) and calls attention to in- 
creased (but not equal) rates of rise from 1930 
to 1940. The Galveston station, located along 
that part of the coast discussed in this paper, 
for which earlier (1909) records are available 
gives a rate of rise of 1.5 feet per 100 years 
from 1909 to 1937 and a rise of 5.00 feet per 
100 years from 1937 to 1950. These rates of 
sea-level rise during the late Recent are ex- 
cessive. Adjacent and progressively older beach 
accretions not only at Galveston but through- 
out the Gulf coast region have the same ele- 
vations as the modern beaches and suggest no 
sea-level changes during the last few thousand 
years. There are extensive tracts of near-sea- 
level Recent and Pleistocene surfaces along the 
coast, but there have been no appreciable 
regional encroachments of the sea at the rate 
suggested by these tide gauge data. 

RusseLL (1936, 1940) presented evidence 
of subsidence along the coast, particularly near 
the seaward margins of the Mississippi deltas. 
Assuming that GUTENBERG's (1941) 10 cm 


(0.4-foot) world-wide rise of sea-level per 100 - 


years is correct, then, according to MARMER's 
data, the land near the coast at the Galveston 
tide station subsided at the rate of 1.1 feet per 
100 years between 1909 and 1937 and 4.6 feet 
per hundred years between 1937 and 1950, 
Surface mapping and subsurface data from 
thousands of borings along the coastal plains 
prove conclusively that coastward tilting of 
this region has persisted since the early Ter- 
tiary. Yet it is interesting to note that no 
mention is made of elevation changes of the 
coastal tide stations with respect to other points 
farther inland. Progressively greater seaward 
slopes are recorded by FISK (1939, 1940, 1944) 
and others for older Pleistocene depositional 
surfaces, which are similar in many respects 
to the Recent surfaces. Progressively older 
Pleistocene and Tertiary strata which are 
penetrated by deep borings have progressively 
greater seaward dips. 

If we assume a world-wide 6-meter (19.7- 
foot) lowering of sea-level from 3000 B.C. to 
850 A.D. (15.6 cm per 100 year rate), then 
uniform subsidence for the entire Gulf coastal 
region for considerable distances inland must 
have occurred at exactly the same rate to eX- 
plain the near-equal elevations of the adjacent 
Recent features which were formed during this 
interval of time. Also a cessation of this rate 
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of subsidence at the beginning of UMBGROVE’'s 
recent sea-level rise must be assumed to explain 
the equal elevations of those adjacent features 
which were formed since that time. 


CONCLUSIONS 


According to the data presented by FISK and 
RUSSELL and the writers’ own studies of 
Recent geomorphology and stratigraphy of the 
Gulf Coast, sea-level reached its present stand 
approximately 5000 years ago. Since that time 
there have been no relative changes such as a 
drop of 6 meters (19.7 feet). 

The occurrences of peat and organic-rich 
clays of deltaic origin between clays of brackish 
and marine origin, such as those along the 
Dutch coast, are common in the Gulf Coast 
region. Shifting of sites of active deltaic sedi- 
mentation over brackish and marine sediments, 
simultaneously with gradual subsidence and 
wave erosion (transgression) of the seaward 
areas of abandoned deltas, appears to explain 
these relationships satisfactorily and does not 
require a eustatic sea-level lowering of 6 me- 
ters accompanied by an equivalent rate of 
coastal subsidence and followed by a slight 
eustatic sea-level rise. Recently abandoned 
deltas, such as the one east of New Orleans, 
are losing area to the sea by subsidence and 
wave erosion while the active delta southeast 
of New Orleans is gaining in land area by 
rapid deltaic sedimentation, (RUSSELL, 1936). 

Field observations along the Dutch coast 
and a review of the literature on this subject 
have led the writers to the conclusion that the 
physiographic features and associated peats 
and sea clays of western Holland might pos- 
sibly be satisfactorily explained in a similar 
manner. Certainly the history of development 
and abandonment of the several distributary 
channels of the Rhine and Meuse rivers, con- 
temporaneous with gradual subsidence, must be 
considered in explaining the sequence of Recent 
strata and topographic features in Holland. 
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DISCUSSION 


Prof. Bakker (Amsterdam) inquires if evidence 
of recent movements in the Gulf Coast region 
can be derived from tide gauge readings or 
levellings. Furthermore he remarks that there is a 
striking difference between the Mississippi delta and 
the Netherlands, in so far as the sea penetrated 
into the Holocene estuaries in the Netherlands, 
whereas in the Mississippi region it did not. 


Mr. Van Weelden (B.P.M.) explains that, apart 
from compaction, there is a general dip of deeper 
stratification planes towards the Gulf, indicative of 
a subsidence caused bv the load of sediments. 

The tide gauge of Galveston is subsiding strongly, 
though low sand ridges and swamps in the sur- 


rounding country are apparently stable; Mr. Van 
Weelden does not know if the subsoil of the tide 
gauge is subject to local compaction. There are no 
data on successive precision levellings. 


Prof. Kuenen (Groningen) adds that the various 
indications quoted by LeBlanc in favour of a 
constant sealevel along the Gulf Coast are situated 
largely outiside the delta area on relatively stable 
blocks. 


Prof. Rutten (Utrecht) suggests that some experts 
from the Netherlands should also work on the Gulf 
Coast in order to make a comparison between the 
two regions. 
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ESPECJALLY IN THE NETHERLAND'S 


EUSTATISCHE UND TEKTONISCHE PROBLEME DES QUARTÄRS 
IM SÜDLICHEN NORDSEERAUM! 


W. DECHEND? 


ZUSAMMENFASSUNG 


Die Ausführungen zeigen, dass es sowohl durch 
regionale als auch durch spezielle Untersuchung der 
quartären Sedimente gelingt, im Küstengebiet der 
südlichen Nordsee tektonische von eustatischen Be- 
wegungen zu unterscheiden. Es konnte erstmalig 
nachgewiesen werden, dass seit dem Elster-Saale- 
Interglazial tektonisch-epirogene Abwärtsbewegun- 
gen im Sinne H. STILLEs stattfinden. 

EINLEITUNG 

Es ist schon öfter der Verdacht geäussert 
worden, dass der Anstieg der Wasserstände 
und die quartäre Sedimentation im Küstengebiet 

der Nordsee nicht nur auf eustatisch-klimati- 
sche Ursachen zurückgeführt werden können 
(s. W. DIENEMANN und W. SCHARF, 1931). 
Der Beweis ist bisher aber nicht einwandfrei 
gelungen, weil die Vorgänge, die zur Sedimen- 
tation führen, durchaus komplex sind. 

Es wird Aufgabe dieses Aufsatzes sein, die 
Möglichkeiten für eine Unterscheidung der 
tektonischen von eustatischen Bewegungen 
aufzuzeigen. Ausserdem soll auf die Bedeutung 
der Tektonik für die Sedimentation im süd- 
lichen Nordseegebiet eingegangen werden. 
ART UND AUSMASS DER TEKTONISCHEN 


BEWEGUNGEN AN DER SÜDLICHEN 
NORDSEEKÜUSTE 


Um die Frage tektonischer Bewegungen zu 
untersuchen, wurde ein Höhenvergleich der in- 
terglazialen Meereshochstände an der südlichen 
Nordseeküste mit den weltweit nachgewiese- 
nen in tektonisch ruhigen Gebieten gelegenen 
Terrassen durchgeführt. 

Voraussetzungen für einen solchen Vergleich 
sind, dass: 

(1) gleichzeitig gebildete Sedimente verglichen 
werden, 

(2) die Entfernung zur damaligen Küste etwa 
dieselbe war, 

(3) nach Möglichkeit faziell gleiche Sedimente 
verglichen werden (Setzungen), 

(4) die beobachteten Strand- und Vorland- 


1Die ausführliche Darstellung befindet sich im 
Geologischen Jahrbuch, 68, 1954, unter dem Titel 
„Eustatische und tektonische Einflüsse im Quartär 
der südlichen Nordseeküste”, z.Z. im Druck. 

2 Amt für Bodenforschung, Hannover. 


bildungen auch dem höchsten Wasserspie- 
gel entsprechen und 

(5) die interglazialen Sedimente nicht während 
der folgenden Glazialzeiten durch das Eis 
verstellt worden sind. 


Für einen Vergleich der Höhenlagen ist die 
heutige Oberflächenlage der Interglaziale im 
Küstensaum zu ermitteln. Aus den Angaben von 
H. D. M. Burck (1949), F. J. FABER (1947), 
H.-O. GRABLE (1936), E. RocH (1924, 1948), 
A. J. PANNEKOEK und Th. REINHOLD (1949), 
P. TEsCH (1942) und E. G. VERMEER-LOU- 
MAN (1934) in Verbindung mit eigenen Uhnter- 
suchungen des Verf. im Emsgebiet wurden die 
Meereshochstände ermittelt und an Hand 
eines küstenparallelen Schnittes (Abb. 1) ver- 
folgt. Tiefenlage und Verbreitung der marinen 
Interglaziale s. Abb. 2. 

Aus dem stark schematischen Profil ist bei 
dem heutigen Stand unserer Kenntnisse folgen- 
des zu ersehen: 

(1) Die marinen Transgressionen beschränk- 
ten sich auf die Flussmündungen und den 
unmittelbar benachbarten Raum. 

(2) Die Meereshochstände der Holstein-See 
finden sich heute in etwa gleicher Lage zu 
NN. Entsprechendes gilt für die Hoch- 
stände der Eemsee. 

(3) Im Emsgebiet fehlen die marinen Absätze 
des Eister-Saale-Interglazials. Eine spä- 
tere Erosion dieser Absätze ist unwahr- 
scheinlich. Die Mächtigkeit der Ablage- 
rungen des Saale-Weichsel-Interglazials 
ist vergleichsweise nur gering. 

(4) Die höchsten Ablagerungen der Holstein- 
See liegen auf — 20 bis — 26 m NN, die 
der Eem-See zwischen —7 und — 17 m 
NN. 

(5) Nach den Untersuchungen von PFANNEN- 
STIEL (1951), ZEUNER (1952) u.a. liegt 
die der Holstein-See zeitlich entsprechen- 
de Meeresterrasse auf + 30 m NN, die 
der Eem-See zugehörige auf + 18 m NN. 

(6) Aus den Angaben (4) und (5) ergibt sich 
ein Höhenunterschied für die Holstein-See 
von 50-56 m, für die Eem-See ein solcher 
von 25—35 m. 


2°ö.L.v.6r. 
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Abb. 1 — Lageplan. 


Diese Höhendifferenzen können für beide 
Interglaziale nur durch tektonische Bewegungen 
erklärt werden (vergl. P. WOLDSTEDT, 1952). 
Nach der Feststellung: unter (2) liegen die 
jeweils höchsten gleichzeitigen Meeresabsätze 
an der südlichen Nordseeküste etwa auf glei- 
cher 'Tiefe. Sowohl die heutige Lage der Inter- 
glaziale zu NN als auch der mögliche höhere 
Wasserstand der Holstein-See (+ 30 m NN) 
verlangen die Annahme epirogenetischer Ab- 
wärtsbewegungen im Sinne H. STILLES (1949). 

Das Gebiet der Emsmündung wurde erst 
während des Eem-Interglazials vom Meer er- 
reicht [s. unter (3)]. Auch dies spricht für 
epirogene Bewegungen nach dem Interglazial 
der Holsteinsee. 

Die Absenkung der höchsten marinen Ab- 
sätze der Interglaziale muss nach ihrer Sedi- 
mentation erfolgt sein. Nach der Zeitrechnung 
von MILANKOVITCH ist die marine Sedimen- 
tation der Holstein-See etwa vor 230.000 Jah- 
ren, die der Eem-See vor etwa 110.000 Jahren 
abgeschlossen gewesen. Aus den unter (6) 
errechneten Höhenunterschieden ergibt sich 
vom ElsterSaaleInterglazial 
bis-heutereine tektonieche 


Senkung von 22 bis 24cm im 
Jahrhundert, vom Saale-Weich- 
selInterglazial bis heute eine 
solche von 23 bis 32cm im Jahr- 
hundert. Wesentlich höhere Werte (]J. H. 
F. UMBGROVE, 1951) werden nur örtlich und 
zeitlich begrenzt zu erwarten sein, denn die 
gute Uebereinstimmung der Werte gibt den 
Senkungsbeträgen ein hohes Mass an Wahr- 
scheinlichkeit. 


TEKTONISCHE BEWEGUNGEN IM OST- 
FRIESISCHEN KÜSTENGEBIET WÄHREND 
DES EEM-INTERGLAZIALS 


Um die eustatischen und tektonischen Bewe- 
gungen aus der Schichtfolge zu erklären, sollen 
die in den Sedimenten enthaltenen petrographi- 
schen Merkmale von Trans- und Regressionen 
besprochen werden. 

Im unmittelbaren Küstenbereich eines Gezei- 
tenmeeres (Watt) wird bei einer Transgres- 
sion die Wassersäule auf dem Watt höher. 
Damit wächst der Einfluss der Gezeitenbe- 
wegungen, d.h. die Ueberflutungsdauer. Gleich- 
zeitig nehmen aber auch die Stromgeschwindig- 
keit und Turbulenz des Wassers sowie während 


der Schlechtwetterzeiten‘ der Einfluss der 
Brandung zu. Deshalb werden bei 
Finesslransgressionlim Woait- 
Ben miereitidieös edim.enitie.v.om 
Begendenezum FHangenden 
gröber. Wird dagegen die Wassersäule 
auf den Watten geringer — d.h. regrediert das 
Meer — so nehmen gleichzeitig Ueberflutungs- 
dauer, Stromstärke, Turbulenz und Brandungs- 
wirkung ab. Regressionssedimen- 


te werden also zum Hangenden 


Feiinkörniger 


197 
kann man nach den petrographisch untersuch- 
ten Kernproben (s. Abb. 3,d) in drei Ab- 
schnitte aufgliedern (vergl. hierzu Abb. 4,a): 
— 9,0 bis etwa — 95 m NN relativ grobes 


Material — WVorlandbildung (Ueberwasser- 
Ablagerung); 

Etwa — 9,5 bis — 13,4 m NN Verfeinerung in 
der Kornzusammensetzung — Regressions- 
schichten; 

— 13,4 bis — 14,75 m NN Vergröberung des 
Materials — Transgressionsschichten. 


Es handelt sich hier um verhältnismässig 
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Abb. 2 — Die Meeres-Hochstände in den Interglazialzeiten (schematisch). 


Betrachten wir unter diesen Gegebenheiten 
“die Untersuchungsergebnisse der Bohrung 
47/23093. Die Bohrung liegt im heutigen Wat- 
tengebiet nahe der Festlandsküste gegenüber 
der Insel Norderney (s. Abb. 1). Vom eem- 
zeitlichen Festland ist der Bohrpunkt noch 
weniger weit entfernt. 

Die Transgressiondes Eem- 
Meeres beginnt im Gebiet der Bohrung mit 
einem Konglomerat, das nach seinem organi- 
schen Inhalt erst nach dem Klimaop- 
timum gebildet wurde (s. Abb. 3, b). 

Den hangenden tonig-schluffigen Komplex 


3 Die Pollenanalysen der organischen Bildungen 
und die Untersuchungen der Diatomeenflora führten 
Herr Dr. R. Schürrumrpr-Kiel bzw. Herr Dr. G. v. 
d. BreLiıe-Krefeld aus. Die Herren Dr. H. HıLter- 
mann-Hannover und Dr. J. Horker-Den Haag un- 
tersuchten die Mikrofauna des Interglazials in be- 
nachbarten Bohrungen. Die petrozraphischen Unter- 
suchungen wurden unter Leitung des Verfassers im 
damaligen geologischen Laboratorium der For- 
schungsstelle Norderney vorgenommen. 


feinkörnige Sedimente. Daher muss der Set- 
zungsbetrag berücksichtigt werden. Er lässt 
sich für die ehemalige Oberfläche berechnen. 
Im benachbarten sandigen Bereich wurden die 
höchsten marinen Absätze bei — 7,5 m NN 
angetroffen. Die Setzung für den gesamten 
marinen Komplex beträgt demnach seit seiner 
Ablagerung 1,5 m. Hieraus ergibt sich also 
etwa folgendes Profil (vergl. hierzu Abb. 4,b): 
75 m bis —80 m NN Vorlandbildung 
(Abschlusz der Regressionsschichten), 
__8,0 m bis — 12,5 m NN Regressionsschich- 
ten und 
— 12,5 m bis — 14.75 m NN Transgressions- 
schichten (einschlieszlich Basiskonglomerat). 
Nach den mikrofloristischen Untersuchungen 
von G. v. d. BRELIE und dem mikrofaunisti- 
schen Befund von H. HILTERMANN und ]. 
HOFKER sind in diesem Gebiet nur Wattsedi- 
mente zur Ausbildung gekommen. Das Schicht- 
paket von — 8,0 bis —125 m NN enthält 
also lediglich während der, Regressionsphase 
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Abb. 3 — Profil der Bohrung 47/2309. Von links nach rechts: (a) Bohrprofil mit petrographischer Bezeichnung der Horizonte: (b) Pollenanalytische 


Datierung der organogenen Bildungen; 
staben nach SELLE in WoLDsTEDT, REIN und SeLzE (1951); (c) 
menten (die Anteile under 0.1 mm © sind durch Rasterung hervorgehoben), 


kleine Buchstaben nach der Zonengliederung von JEssen und MıLTtHers, römische Zahlen und kleine Buch- 


Stratigraphische Grob- und Feingliederung; (d) Korngrössenverteilung in den Sedi- 


abgelagerte Wattsedimente. Am Uebergang der 
Transgressions- in die Regressionsschichtung 
(— 12,5 m NN) musz — bei einem Tidenhub 
von etwa 2 m — der Wasserspiegel zwischen 
— 11,0 und — 11,5 m NN gelegen haben. Das 


Abb. 4 — Die Schichtmächtigkeiten in der Boh- 
rung 47/2309. (a) in der Bohrung gemessene Mäch- 
tigkeiten der gesetzten Sedimente; (b) die Mächtig- 
keit der Sedimente vor der Setzung (ermittelt aus 
Nachbarbohrungen im sandigen Bereich); (c) bei 
unveränderter Höhenlage zu NN auf Grund des 
Tidenhubes zu erwartende Mächtigkeit der Regres- 
sionssedimente. 


Eem-Meer hatte also an dieser Stelle bereits 
bei — 11,0 m NN seinen höchsten Stand er- 
recht. Die Sedimentation müsste demnach bei 
—105 m NN (einschliesslich der Vorlandab- 
sätze) abschliessen. Das Sedimentpaket zwi- 
schen — 7,5 m und — 10,5 m NN ist also 
offenbar durch eustatische Meeresspiegel- 
schwankungen nicht zu erklären (vergl. Abb. 
4,c). Man muss deshalb zu seiner Entstehung 
tektonische Abwärtsbewegungen des Festlan- 
des annehmen. 

Ueber den Vorlandabsätzen ist Torf ausge- 
bildet. Zu diesem Zeitpunkt hatte das Meer 
seinen Einfluss auf die Sedimentation im Küs- 
tenraum verloren. Auch die hangende Flug- 
sanddecke deutet den eustatischen Rückzug des 
Meeres an. 

In den obersten Partien der Flugsanddecke 
zwischen — 5,9 und — 6,2 m NN sind Gyttja- 
Lagen ausgebildet. Zu ihrer Entstehung ist ein 
höherer Grundwasserstand erforderlich. In be- 
sonderem Masse gilt dies für die hangende 
Gyttja zwischen — 5,7 und —5,9 m NN. Ihr 


199 
entspricht im anschliessenden Küstenbereich 
eine Decke stark humosen Sandes bis sandigen 
Humus’. Nach den pollenanalytischen Unter- 
suchungen von R. SCHÜTRUMPF muss dieser 
Anstieg des Grundwassers „am Uebergang 
vom Interglazial zum folgenden Glazial’” erfolgt 
sein. Dieser Zeitpunkt spricht aber sowohl 
gegen einen 'eustatischen Meeresspiegelanstieg 
als auch gegen eine Zunahme der Nieder- 
schläge. Der Grundwasserspiegel muss also mit 
dem Meeresspiegel in Verbindung gestanden 
haben. Demnach kann nur der langsam abfal- 
lende Meeresspiegel von der relativ schnelleren 
tektonischen Senkung des Festlandes. vorüber- 
gehend eingeholt worden sein. Gegen Ende 
des Kem-Interglazialsıbis kurz 
vorBeginn der WeichselKHEis- 
zeitmuss demnach ım Nuüsten- 
gebiet dereemzeitlichen Ems 
eine tektonische Senkung statt- 
gefunden haben. 

Im Gebiet der Emsmündung fallen die gla- 
zialen und interglazialen Schichten in nörd- 
licher Richtung ein. Hieraus kann man 
schliessen, dass es sich bei den epirogenen 
Bewegungen um Einbiegungen der Kruste 
handelt. 


DIE FLANDRISCHE TRANSGRESSION 
IM EMSGEBIET 

Um den Zeitpunkt der holozänen Transgres- 
sion festzulegen, kann man nur auf sandiger 
— nicht wasserstauender — Unterlage liegen- 
de Torfe verwenden, deren Entstehung also auf 
den Anstieg des Grundwassers (Vernässung) 
zurückzuführen ist. Alle durch Staunässe 
gebildeten organogenen Bildungen (Torfe auf 
Tonen, Gyttjen usw.) müssen hierbei ausser 
acht gelassen werden. 

Unter dieser Vorausetzung kann man im 
Bereich der Emsmündung 2 Gebiete unter- 
scheiden: 

(1) Den Raum der heutigen Watten und 
Inseln, in dem das Basismoor im wesent- 
lichen atlantikumzeitlich ist, und 

(2) das heutige Festlandsgebiet der Krumm- 
hörn (s. Abb. 1), im dem diese Moore 
präboreal und boreal sind. 

Zu (1). — Im Gebiet der heutigen Watten 
und Inseln kann man wiederum trennen: 

(a) den Raum der heutigen Festlandsküste 
mit dem anschliessenden Watt bis süd- 
lich der Insel Juist von dem 

(b) der Inseln Borkum, Juist (?) und Nor- 
derney mit dem südlich anschliessenden 


Watt. 
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Der Kontakt Sand/Torf liegt im Gebiet 
(a) zwischen — 2,2 und — 35 m NN und 
im Gebiet 
(b) zwischen — 5,0 und — 7,2 m NN. 


Die Ueberflutung fand in den Räumen 
(a) im Subboreal bzw. 
(b) vor dem Subboreal statt. 


Da es sich bei den obengenannten Torfen 
um Niederungsmoore handelt, muss man für 
die Höhendifferenz sowohl eustatische als auch 
tektonische Ursachen annehmen. 

Zu (2). — Das heutige Festlandsgebiet der 
Krummhörn muss (wie das der Jade, vergl. 
W. HAARNAGEL, 1950) nach der Weichsel- 
Eiszeit verhältnismässig tief ausgeräumt gewe- 
sen sein, so dass die dortigen Talungen bereits 
im Präboreal vermooren konnten. 


Die holozäne Nordsee hat also die Küste 
Ostfrieslands bereits im Präboreal — d.h. 
lange vor dem Klimaoptimum — erreicht, wäh- 
rend die eemzeitliche See im selben Raum erst 
nach dem Klimaoptimum in Erscheinung trat. 


Ausserdem. fällt die Auflagerungsfläche des 
Torfes in nördlicher Richtung ein. Die epiro- 
gene Senkung dauert also im Holozän an. 
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DISCUSSION 


Dr. A. Brouwer (Leiden) remarks that the method 
used by Dr. Dechend is only applicable when it is 
possible to prove that (1) the marine terraces and 
the interglacial deposits are approximately of the 
same age (this is especially important for the Great 
Interglacial), (2) the features compared had the 
same position in relation to mean sea-level, and 


(3) the marine terraces were not affected by later 
movements. 


The size of downward movement thus measured 


gives the total effect of crustal movement, tectonic 
as well as isostatic. Only when the time interval 
considered lies between moments of isostatic crustal 
equilibrium should the subsidence be referred to as 
a true tectonic movement. 


Dr. Dechend is of the opinion that the elevated 
marine terraces and the deep Holstein deposits are 
indeed contemporaneous and that the height of the 
sea level was the same at the time of their forma- 
tion. The same applies to the Eem Interglacial, 
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SYMPOSIUM: QUATERNARY CHANGES 


EUNZEEVELD 


ESPECIALLY IN THE NETHERLANDS 


LES CHANGEMENTS DU NIVEAU DELA MER DANSLA PLAINE MARITIME 
FLAMANDE PENDANT L’'HOLOCENE 


R. TAVERNIER! et FE MOORMANNI 


SUMMARY 


FLUCTUATIONS OF SEA LEVEL IN THE 
FLEMISH COASTAL PLAIN DURING 
THE HOLOCENE PERIOD 


During late glacial and early holocene times the 
Flemish coastal plain was occupied by a pleistocene 
s.c. coversand-landscape. During the postglacial 
marine -transgression, known as "Flandrian trans- 
gression”, this landscape was covered by marine, 
essentially sandy, sediments (sables pissards’'). 
Peaty horizons in these marine sands indicate that 
the rise of sealevel was interrumpted by periods of 
'stagnation or even of slight regressions. 

A more important regression resulted in the for- 
mation of dunes (s.c. "old dune landscape”) and in 
the growing of peat in the coastal plain which was 
protected from the sea by the old dunes. During the 
formation of the s.c. "surface peat”’ the sea level 
resumed its rising movement, which resulted finally 
in a new and rather general inundation of the 
coastal plain (Dunkerkian transgression). 

Three phases of transgression have been dis- 
tinguished. The first took place in the 2nd and Ist 
century B.C.; the second from the beginning of the 
4th till the 8th century; the third in the 10th and 
11th century. In the Flemish coastal plain the second 
phase has by far been the most important (fig. 2). 

The top of the sediments, deposited during the 
Flandrian transgression, is situated between 3 and 
+2 m (Ostend ordnance datum = Amsterdam 
O.D. +2.33 m), the highest points being found in 
the southern area of the Flemish coastal plain. 

The Dunkerkian sediments, deposited during the 
second transgression phase, reach an altitude of 
+5 to 45,5 m, along the inner border of the Polder 
area, which altitude gives an impression of the 
elevation of the most important high tides of that 
“period. It was found that the average level of the 
sea during the first Dunkerkian transgression period 
was about 60 cm lower than in the second trans- 
gression phase and about 100-110 cm lower than 
in the third phase. It is certain that the rising of the 
sea-level has continued after the end of the Dun- 
kerkian transgression in the I1th century. 


(A) CHRONOLOGIE DE L'HOLOCENE DANS 
LA PLAINE MARITIME FLAMANDE 

(1) L’Holocene inferieur 

A la fin de la derniere glaciation, la region 
de la plaine maritime flamande actuelle faisait 
partie du paysage des sables de couverture qui 
" s’etendait sur toute la Basse Belgique. Cette 
region, ä l’encontre de celle de la plaine mari- 
time neerlandaise, &tait relativement seche pen- 


1 Centrum voor Bodemkartering, Gent, Belgie. 


dant le Tardiglaciaire et le debut de l’Holocene, 
comme le demontre l’absence quasi totale de 
niveaux tourbeux datant de ces periodes. Dans 
la plupart des cas, on trouve un niveau de 
vegetation au sommet des sables de couverture, 
quand ils sont recouverts par des sediments 
marins de l’Holocene moyen (F. HALET, 1931). 
C'est seulement dans les vall&es d’erosion, 
drainant la rögion situ&e en dehors de la region 
cötiere, que s’est developpee de la tourbe pen- 
dant le relevement postglaciaire du niveau de 
la mer (R. MARECHAL, 1948). Des recherches 
recentes (F. STOCKMANS et R. VANHOORNE) 
semblent indiquer que le niveau humifere, 
recouvrant parfois les sables de couverture de 
la plaine maritime flamande, ne s’est pas forme 
avant la periode atlantique. Ce niveau ne peut 
donc nullement ötre considere comme la limite 
entre les epoques pleistocene et holocene. 


(2) L’assise de Calais 


La transgression flandrienne, dite ‚trans- 
gression & Littorines”’, n’a atteint la plaine 
maritime flamande que pendant la periode 
atlantigue. Les sables de couverture furent 
recouverts par des sediments marins de l’assise 
de Calais („sables pissards’'). La presence dans 
ces sediments de couches tourbeuses (locale- 
ment d’une öpaisseur de plusieurs dm) fait 
supposer que le relevement du niveau de la 
mer pendant la periode atlantique n’a pas £t& 
continu, mais a &t& interrompu par des periodes 
d’arret, voire m&me par’ de petites regressions. 


En Belgique, il s'avere difficile de subdiviser 
les södiments de l’assise de Calais en „sable 
marin ancien” (oud zeezand) et „argile marine 
ancienne” (oude zeeklei) comme on le fait 
pour la plaine maritime neerlandaise. Les sedi- 
ments marins de l’assise de Calais sont essen- 
tiellement sableux; n&anmoins, en fonction du 
mode de sedimentation, apparaissent localement 
des lentilles argileuses qui peuvent atteindre 
une &paisseur de un ä deux metres. 

En bordure de la plaine maritime les vallees 
d’erosion susmentionnees furent partiellement 
comblees de materiaux terrigenes, generalement 
tres tourbeux (R. MARECHAL, 1948). 
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Fig. 1 — La situation des dunes anciennes pres 
d’Adinkerke. 


(3) La formation de la tourbe de surface 
Vers la fin du depöt des „sables pissards” 
sest form&e un cordon de dunes, dont on 
retrouve quelques fragments pres de la fron- 
tiere franco-belge (fig. 1). La formation de ce 
_ cordon dunal pourrait indiquer qu'une rögres- 
sion de la mer s’est produite (P. 'TIMMERMANS, 
1939;-]. .H. F. UMBGROVE, 1947), pendant 
laquelle debuta la formation de la tourbe de 
surface dans les parties basses de la zone 
cötiere, isolee de la mer. 


D’apres les recherches de F. STOCKMANS et 
R. VANHOORNE, il semble que l’evolution des 
tourbieres dans la plaine maritime flamande 
s'est effectu&e d'une fagon analogue ä celle qui 
fut decrite par J. BENNEMA (1949) pour cer- 
taines parties des Pays-Bas occidentaux. On 
peut en deduire que la plaine etait constituce 
a cette Epoque de plusieurs tourbieres bombees 
a sphaignes, entourees de tourbieres meso- 
trophes et eutrophes (,tourbe ä bois"), locali- 
sees le long des cours d’eau et en bordure de 
la plaine (dunes, södiments pleistocenes). 

Certains indices permettent de supposer que 
le relevement du niveau de la mer avait repris 
pendant la periode de formation de la tourbe 
de surface: 


(a) La tourbe eutrophe et mesotrophe (tour- 
biere basse) s’est graduellement ötendue sur 
les sediments pleistocenes qui n’avaient pas &te 
inondes pendant la transgression flandrienne 


(assise de Calais). Ceci ne s’explique que par 
'hypothese d’un relevement graduel de la 
nappe phreatique qui resulte vraisemblablement 
d’un relövement du niveau de la mer. 


(b) La sedimentation marine s’est poursui- 
vie dans les depressions qui existent entre les 
divers cordons de dunes anciennes, pendant 
qu’a l’abri du cordon dunal interne se formait 
de la tourbe. Le sommet de ces depöts marins 
contemporains des tourbieres se trouve actu- 
ellement ä un niveau plus &leve que le sommet 
de la tourbe de surface. 


(c) Pendant la formation de la tourbe des 
submersions temporaires et locales ont eu lieu, 
notamment dans la rögion des Mo£res, pres de 
la frontiere franco-belge. On y trouve en effet 
des depöts marins sableux pönötrant dans la 
zone de la tourbiere & sphaignes. Plus ä liinte- 
rieur de la plaine tourbeuse (Lampernisse) 
cette inondation a donn® naissance ä une 
couche de tourbe sous-aquatique (Menyanthes, 
Phragmites, e.a.), intercal&e entre les horizons 
de tourbe ä Betula et de tourbe ä sphaignes. 
(F. STOCKMANS, C. VAN DEN BERGHEN et R. 
VANHOORNE, 1949). Par ailleurs, J. CORNET 
(1927) a signale des intercalations sableuses 
et argileuses d’origine marine dans la tourbe 
de surface (pres d’Ardres, France, et dans les 
Polders de l'’Escaut). 


Les donnees manquent pour pouvoir dater 
cette phase d’inondation. 


(4) L’assise de Dunkerque 


Le relevement du niveau marin, dont l’exis- 
tence, m&me pendant la formation de la tourbe 
de surface, peut &tre admis a amen& finalement 
une inondation generale de la plaine, Cette 
periode transgressive est connue sous le nom 
de „transgression dunkerquienne”. On a pu 
distinguer trois phases majeures dans cette 
transgression. 


Pendant la premiere phase (dunkerquienne 
I), les rögions tourbeuses situ&es dans la partie 
septentrionale de la plaine ont &t& inondees. 
Dans la partie möridionale, l’extension de la 
zone inondee £tait plus limitee. Par analogie 
avec les phenomenes &tudies a Walcheren 
(J. BENNEMA et K. VAN DER MEER, 1952) nous 
croyons pouvoir admettre que cette phase a eu 
lieu avant le döbut de notre Ere, vraisemblable- 
ment vers l’an 100 av. J.C, 


Si cette date est exacte, il s’en suit qui la 
periode d’inondations fut de duree relativement 
courte. En effet, la plaine tourbeuse, ainsi que 
les depöts marins de la plaine dunkerguienne 
I, ont et& habites pendant l’&poque romaine 


IKENBERGE 


es inondations 


Iwckx et F. MoorMmannN). 


de Bruges par le „Blankenbergse Dijk” et ie 
„Dijk van de Watering van Blankenberge”. 

Dans la region du „Zwin”, situee dans la 
partie septentrionale de la plaine maritime fla- 
mande, de nouvelles inondations se sont pro- 
duites pendant le XIme siecle. Ces inondations 
sont plutöt l’effet d’un changement dans la 
direction des courants que d’une nouvelle phase 
transgressive. (]. AMERYCKX, 1953). 

Les relövements ulterieurs du niveau marin 


203 


Es inondations principales de la region 
au ZYUI”e: XYT”siecie 


que dans la partie seprentrionaie. Lee aiffe- 
rence du niveau de la surface de colmatage de 
l’assise de Calais peut s’expliquer par la diffe- 
rence d’amplitude des marees; en effet, cette 
amuplitude moyenne diminue en allant, le long 


2 Termes utilises par J. BENnNEMA et K. vAN DER 
Merr (1952). 

3 Les cotes mentionnees dans le texte sont expri- 
mees par rapport au zero d’Ostende (= zero d’Am- 
sterdam + 2,33 m). 
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Fig. 3 — L’extension du facies marin de l’assise de Calais dans la partie meridionale de la plaine maritime 
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flamande (R. MarecHar, 1948). 


de la cöte du Pas de Calais vers le Nord (]. 
LAUWERS, 1930; J. VAN VEEN, 1936). Cette 
interpretation est corrobor&e par le fait que la 
surface de colmatage de l’assise de Dunkergque 
presente egalement une difference de niveau 
qui atteint plus de 2 metres entre Calais et 
l'estuaire de l’Yser. 


(2) Assise de Dunkerque 


Les diverses phases de la transgression dun- 
kerquienne out eu une extension tres inegale, 
comme le montre la figure 2. 

L’extension de la premiere phase de la trans- 
gression dunkerquienne n'est pas connue d’une 
facon tres precise. Il est probable qu’en cer- 
tains endroits, le long des chenaux, les inon- 
dations de cette phase transgressive ont penötr& 
plus & linterieur des terres que ne l'indique la 
figure ci-jointe, Toutefois, il n’a pas &t& possi- 
ble d’y reconnaitre avec certitude les sediments 
datant de ces inondations, vraisemblablement 
a cause d’une Erosion lors d’inondations ulte- 
rieures,. 


Les sediments de la transgression dunker- 
quienne I sont recouverts par des södiments 
marins de la phase transgressive suivante, dont 


la puissance varie de 60 a 150 cm en dehors 
des chenaux. On peut en deduire que le niveau 
moyen de la mer, lors de la transgression dun- 
kerquienne I, etait au moins de 60 cm inferieur 
au niveau moyen atteint lors de la transgres- 
sion dunkerquienne Il. 

Les inondations de la deuxi&öme phase trans- 
gressive dunkerquienne se sont &tendues sur 
presque toute la plaine maritime actuelle. Seuls 
quelques ilots de tourbe emergerent. Aux envi- 
rons de Gistel une zone, partiellement recou- 
verte de tourbe et situ&e en bordure de la plaine 
maritime, ne fut inondee que durant la phase 
transgressive suivante. 

Le niveau actuel de la surface de colmatage 
de la transgression dunkerquienne II se situe 
entre les cotes +2 et 5,5 m. Les points les plus 
bas correspondent aux cuvettes avec sous-sol 
tourbeux qui se sont affaissees par suite du 
tassement de la tourbe. Les anciens chenaux, 
colmates essentiellement par du sable et oü la 
tourbe a &t& entieremeni disparue par &rosion, 
atteignent la cote 4 & 4,5 m dans la partie 
m£ridionale de la plaine et 3,5 a 4 m dans la 
partie septentrionale. On ne peut cependant en 
deduire que pendant la phase transgressive en 


question les marees les plus hautes n’ont pas 
depass& les cotes susmentionnees. Par contre, 
il en resulte que vers le VIllme et le IXme 
siecle les mar&es hautes n’atteignaient plus 
cette hauteur, puisque ä cette epoque la plaine 
non endiguse &tait habitee par l’'homme. 

Pour se faire une idee de la cote atteinte par 
les inondations lors de cette p£eriode, il faut se 
baser sur la hauteur & laquelle se rencontrent 
des sediments dunkerquiens Il, en bordure de 
la plaine aux endroits non recouverts de tourbe. 
Quoique les courbes altimetriques de la carte 
topographique de cette region ne soient pas 
toujours tres precises, on a pu constater que 
la hauteur maxima qu'atteignent les sediments 
de cette phase transgressive se situe entre les 
cotes 5 et 5,5 m aux endroits facilement acces- 
sibles ä la mer. 

L’extension de la troisieme phase de la 
transgression dunkerquienne a et& sensiblement 
inferieure ä celle de la phase pröcedente. Ceci 
est surtout le rösultat de l’etablissement d’un 
systeme de digues, qui ont empeche l’envahisse- 
ment total de la plaine. En effet, aux endroits 
non proteges par les digues, les inondations ont 
generalement depasse la limite atteinte lors de 
la phase transgressive anterieure. 

La puissance des sediments datant de cette 
periode varie de 30 a 100 cm (localement plus 
de 100 cm) dans les polders endigues avant 
la fin du XIme siecle. Le long de la limite in- 
terieure de la plaine, ces sediments se rencon- 
trent ä une cote qui depasse de 10 a 50 cm 
celle atteinte lors des inondations ant£rieures. 
On peut en deduire que les marees hautes, lors 
de la phase dunkerguienne III, n’ont guere 
döpass& que de 50 cm les cotes atteintes lors de 
la phase transgressive precedente. 

On peut admettre que, apres la fin de la 
transgression dunkerquienne III, le mouvement 
positif du niveau de la mer a subsiste. Ceci 
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resulte entre autre du fait que, lors des inon- 
dations strat&giques des environs d’Östende, 
il fut depos& une couche d’argile &paisse sur 
des polders ä sous-sol sableux, nayant pas 
subi un tassement notable a cause de l’absence 
de tourbe. D’autre part, les donnees maregra- 
phiques montrent que les hautes marees actuel- 
les döpassent la cote maxima atteinte par les 
sediments de la transgression dunkerquienne. 
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DISCUSSION 


Mr. Edelman (Publ. Works Dept.) is under the 
impression that the term "transgression” is being 
used with two different meanings: first a horizontal 
spread of the sea into the land, secondly a relative 
rise of sealevel; the same applies to the term 
regression, used by Prof. Tavernier in connection 
with some peat layers which need not be accounted 
for by lowering of sealevel. 


Prof. Kuenen (Groningen) states that its original 
meaning in geology applies to a horizontal extension 
of the sea. 

Prof. Tavernier (Ghent) agrees that in general 


a fall of the sealevel is not a requirement for peat 
formation, granting that there is a sufficient supply 


of fresh water. This was not the case in the maritime 
plain of Flanders, where there was little fresh water 
available, and which at that time was only pro- 
tected by a shore bar, so that a fall of the sealevel 
is very likely. 

Mr. Edelman (Publ. Works Dept.) observes that 
in his opinion rains may have caused a fresh water 


environment, provided that the shore bar was 
closed. 
Prof. Florschütz (Leiden) is in favour of a 


lowering of sealevel, unless a shore bar coüld have 


completely shut off the sea, which he thinks 
improbable. 
Dr. Dechend (Amt für Bodenforschung, Han- 


nover) asks if any indications have been found of 
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a higher postglacial sealevel than the present one 
in Flanders, as mentioned before. In NW-Germany 
no such indications have been met with. If this level 
should be correct, he would like to know if the 
respective sediments were deposited South of the 
supposed axis of tilting, i.e. in the region of 
emergence. 

Prof. Tavernier replies that only S of the River 
IJzer worn off shells have been found at 6 to 7 m 
above the present sealevel; they are covered by 
Würm glacial sands and are younger than Miocene, 
nothing more can be said about their age. 

Dr. Pannekoek (Geol. Survey) would like to 
know Prof. Tavernier's opinion on the relation 
between regression and dune formation. Prof. 
Tavernier quotes one view that formation of the 


older dunes indicates a regression. On the other 
hand the opinion has been expressed that during 
the Atlantic transgression the tidal flats in the Ne- 
therlands were protected by a shore bar and dunes, 
which moved inland during the transgression. This 
must have come to a standstill, and other ridges 
with old dunes were added on the outside, the inner 
ones being the oldest. During the "transgression in 
the Subatlantic another dune formation started. This 
would mean that dune formation may be correlated 
with a transgression as well as a regression. 


Prof. Tavernier thinks this a complicated pro- 
blem mainly dependent on the supply of sand from 
the sea and the Channel. Indeed the older dunes 
seem to have grown outwards and the later ones 
inwards. 


ans 


come will 
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ESPIECTALLYZINZTHETNETHERLANDIS 


CRUSTAL WARPING IN THE NETHERLANDS!' 


F. A. VENING MEINESZ ? 


The writer has made a calculation of the 


crustal subsidence in the Netherlands resulting. 


from the suberustal flow towards Scandinavia. 
The latter area is rising in response to the 
unloading of the crust by the swift post-glacial 
melting of the ice cover some 10.000 years ago. 
Roughly two thirds of the recovery of equil- 
ibrium has already taken place. 

According to the formulas developed the 
subsidence of the Netherlands will slow down 


; gradually and reach zero at about A.D. 6800, 


and this will be followed by slow return up- 
wards. The total amount of subsidence still to 
not exceed 313 meters. These 
amounts are as yet rather uncertain, but a 
gravity survey in the North Sea would give 
greater precision. 

It may be expected that conditions in the 


Netherlands will prove less unfavourable than 
the formules predict. In the southeast of the 
country the crust appears to show elevation 
which has changed the subsidence into a rising 
movement. This process may be expected to 
move gradually towards the northwest. The 
writer bases this expectation on the hypothesis 
that the said rise is caused by the melting and 
spreading northwards of the light root of 
crustal material below the Alps. According to 
this conception the secondary European moun- 
tain chains have been raised by this process. 
This elevation appears to have reached roughly 
to the central rivers of the Netherlands and to 
compensate the subsidence due to the Scandi- 
navian mechanism. There is reason for ex- 
pecting this rising movement to push gradually 
northwestward. 


DISCUSSION 


Prof. van Bemmelen (Utrecht) wants to put the 
geologist's viewpoint against the geophysicist's 
as expounded by Prof. Vening Meinesz. From Dr. 
Pannekoek’s paper it is clear that the Netherlands 
were a subsiding region long before the postglacial 
isostatic rise of Scandinavia. The subsidence of the 
Netherlands is partly due to an autochtonous 
tectonic tendency to subside; likewise the Arden- 
nes have been a region of uplift since the Mesozoic, 
independently from a hypothetical spreading of the 
Alpine root. 


Prof. Vening Meinesz answers that he only dis- 
cussed the compensatory movements based on the 
isostatic compensation calculated by Niskanen, and 
also the movements caused by a melting of the 
Alpine root. He did not consider any other causes 
of movement which are of course possible. Other 
movements can simply be superimposed on his 
results. 


Prof. Kuenen (Groningen) remarks that the con- 
ditions in the Netherlands certainly point to a 
postglacical rise of the sealevel of about 80 m, due 


1 For a more detailed account the reader is 
referred to: F. A. Vening Meinesz, Earth-crust 
movements in the Netherlands resulting from 
Fennoscandian postglacial isostatic readjustment and 
Alpine foreland rising. Proc. Kon. Ned. Akad. v. 
Wetensch. (series B), vol. LVII, pp. 142—155, 
1954. 


2 Mineralogical-Geological Institute, University 
of Utrecht. 


to melting of ice, but it seems difficult to accept an 
additional postglacial subsidencee of 100 m as 
required by Niskanen’s calculations. Moreover, the 
study of the Great Lakes terraces, according to 
Flint, does not reveal any indications for subsidence 
around the formerly glaciated area in the U.S. 

Prof. Rutten (Utrecht) thinks that for a practical 
application Professor Vening Meinesz'’ value of 
35 m for future subsidence should not be relied 
upon too much, as also a nonglacial rise of Scan- 
dinavia may play a role. 

Prof. Thijsse (Delft): It is for practical purposes 
that we like to know the relative vertical movements 
during the next few hundred years. The effect of 
the spreading of the material of the Alpine root, 
however, is a slow process, continuing over millions 
of years. The subsidence around Scandinavia is of 
shorter duration, but is seems also to proceed 
gradually, being due to plastic deformation. The 
reliability of Niskanen’s calculations does not seem 
to be absolute, as they are founded on some assumed 
values for viscosity and other physical properties. 
Anyhow the movements resulting from these two 
causes will go on regularly for a long time to come. 
They will slow down gradually but their direction 
will be the same for thousands of years. 

This is not the case with the rise of the sealevel 
due to melting of ice sheets, which is a meteorologic 
process and therefore unpredictable. The rising may 
temporarily change into a lowering for a short 
period of a few centuries or even less. We know 
that the sea level has risen 1 meter per century in 
the past, so we must be prepared for a similar rise 
in the near future (even if the tidal observations of 
the last 25 years hardly show any rising at all). 
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ESPECIALLY IN THE NETHERLANDS 


THE SUBSIDENCE PROBLEM FROM THE VIEWPOINT 
OF CIVIL ENGINEERING 


EBz@.\V. AXGEUZEZ 


The present contribution to this symposium 
is based on the results of an informal meeting 
of civil engineers held January 29. 

From a geological point of view civil 
engineering practice is faced with two 
problems: (1) the subsidence of the land, and 
(2) the rise of sea-level. 

According to VENING MEINESZ (1954) the 
crustal subsidence, in so far as it is due to 
postglacial isostatic readjustment of Scandi- 
navia, will continue to the year 6800 A.D. 

At present the amount of subsidence is 
2.02 mm/year and the total amount of sub- 
sidence to be expected until 6800 A.D. may 
be estimated at 3.80 m. 

However, as a result of Alpine foreland 
rising, the influence of which gradually spreads 
northward, VENING MEINESZ expects the 
maximum subsidence to occur earlier, between 
3000 and 4000 A.D. 

VENING MEINESZ' calculation, however, 
does not include the effect of compaction and 
it is impossible to obtain a characteristic figure 
of mean subsidence applicable for the whole 
country. HUIZINGA (1940) concluded that it is 
possible to explain the total amount of 
20 cm/century subsidencee by mechanical 
causes. There is however a considerable doubt 
about this result, as far as the calculations of 
HUIZINGA were based on the formulas devel- 
oped by 'TTERZAGHI and KEVERLING BUISMAN 
and especially if they are applied to extreme 
cases where an important part of the soil 
consists of peat. 

Future investigations should particularly 
consider the following aspects: 


(1) Subsidence caused by mechanical factors, 
such as 
(a) hydrological changes of a superficial 
nature (control of water table in 
"polder"-areas), 
(b) hydrological factors operating at 
greater depth, e.g. water supply, 


(c) continuous compaction of older sedi- 
ments; 


1 Soil Mechanics Laboratory, Delft. 


(2) critical investigation of the settlement of 
tide gauges, "fixed" points of levellings, 
etc., based on a study of their subsoil; 


(3) the establishment of differential "sub- 
sidence gauges’ having their foundation 
at great depth, in order to obtain a com- 
paratively "stable" level to which compac- 
tion observations of the higher deposits 
may be referred. 


A problem of urgent practical importance 
has been created by the settling of the heavy 
sea-dykes. According to VAN VEEN subsidence 
of dykes at the order of magnitude of 
0,5—4 m/century should be reckoned with. 
This amount is to be added to the subsidence 
effects caused by other mechanical or geo- 
logical factors. It should be noted that this 
extra subsidence decreases with time. The 
figures given by VAN VEEN, however, fully 
justify the establishment of "subsidence gau- 
ges’ in order to obtain a proper insight into 
this phenomenon. 
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DISCUSSION 


Mr. Huizinga (The Hague) inquires after the 
possibility of compaction through the extraction of 
petroleum, now that oil production has started also 
in the W of the country. 


Mr. Van Weelden (B.P.M.) observes that the 
sediments from which oil is extracted, are already 
consolidated and hardly subject to further compaction. 
Oil production should not be compared to the pumping 
of water from superficial deposits, from which 
compaction could more easily result. Secondly, oil 
accumulations are always protected by impermeable 
layers preventing changes in the depth to have any 
effect at the surface. Moreover, the quantities of oil 
involved in this country are relatively small. 
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TECTONIC MOVEMENTS AS RESULTING FROM THE COMPARISON OF 
TWO PRECISION LEVELLINGS 


T. EDELMANI! 


The results of the precision levelling of the’ 


- Netherlands executed between 1926—1940 pre- 
sent appreciable differences with those of the 
precision levelling dating from 1875—1887. 
These differences can be expressed as due to 
rising or sinking in regard to the bench mark at 
Amsterdam, which in this case is assumed to 
be a stable point, though probably it is not 
really so. Assuming further that both levellings 
” do not contain errors, the risings and sinkings, 
when represented on a map (fig. 1), give an 
idea of the rises and sinkings (negative and 
"positive movements) which the surface has 
undergone in the intervening 50 or 60 years. 


If these figures are to be used to determine 
the actual tectonic movements of the subsoil, it 
is necessary to eliminate all movements due to 
compaction of superficial layers, especially of 
peat and clay, and to local influences such as 
underground mining and building of dikes, 
canals etc. Therefore a number of figures will 
have to be discarded. This cannot be done 
according to exact methods; personal opinions 
as to the reliability of certain figures must play 
a role. The result would even be worthless, if 
_ we did not mention the rules we followed in 
this evaluation of figures. 


It is clear that compaction or local sinking 
of bench marks can only diminish the figures 
indicating a rising, and on the other hand can 
only add to the figures indicating a sinking. 
We further assume that no swelling of the 
superficial layers took place (e.g. by frost 
action), and that tectonic movements generally 
present variations over a large area and not 
local ones varying from one point to the next. 
Therefore in any group of figures in a rising 
area we have had to eliminate the smallest 
values and in a group in a sinking area the 
largest values. Examples of the first case are 
the Maastricht region, where the figures 4 
44, 44, 42, 16 and 45 mm occur, the figure 16 
“having to be rejected; or a region near Leer- 
dam, where among the figures 4, 31, 19 and 14 


1 Rijkswaterstaat, Directie Algemene Dienst 
(Public Works Department), 's-Gravenhage. 


2 For the 


the figure of 4 has certainly to be eliminated, 
perhaps even the figures 19 and 14 as well. 
An example from a sinking area is the Enk- 
huizen region, where among the figures — |, 
35, —51, — 104, —174 mm, the latter 
three must be due to compaction of the super- 
ficial layers. Where apparent risings and 
sinkings alternate, the figures indicating a 
sinking should probably be eliminated. 


In doing so the nature of the soil should 
also be considered, and consequently in the 
peat and clay regions many more figures have 
been discarded than in the sandy regions. Better 
results should have been obtained ’if, for each 
bench mark, a careful study could be made of 
local conditions and compaction, which, un- 
fortunately, was impossible in most cases. 


With the aid of the remaining figures we 
have tried to draw lines of equal rise or sinking 
(fig. 2). These too are subject to personal 
views, as the lines of levelling are so wide 
apart that they allow of many different con- 
structions of the lines of equal rise and sinking 
between them. Therefore, one should be very 
careful in drawing geological conclusions from 
these lines 2. 

One salient point of the map thus obtained 
is the general tilt of the country as a whole. 
The southern part has risen most, the north- 
ernmost part presents the deepest sinking. The 
deviations from the zero point are in both 
cases about 4 cm, giving a tilt of about 8 cm 
over a distance of 300 km in about 50 or 60 
years. 

A second point is that the lines in the SE 
present a general NNW--SSE direction, pa- 
rallel to the great faults. The easternmost rise 
coincides roughly with the wellknown Peel 
Horst. A zone of lesser rise, parallel to it, and 
coinciding with the important Central Graben, 
passing through Roermond, is not established 
without doubt, owing to the absence of trans- 


geological interpretation and the 
drawing of the lines we have consulted Dr. A. ]. 
Pannekoek (Geological Survey, Haarlem), whom 
we wish to thank for his collaboration. 
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Fig. 1 — Differences between the levellings of 1875 
in regard to Amsterdam. The differences are plotted 
by permission of Public Works Department) 


—1887 and 1926-1940 expressed in rise or sinking 
graphically along the lines of levelling. (Reproduced 
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Fig. 2 — Lines of equal relative rise or sinking in regard to Amsterdam, based on the levellings of 
18751887 and 1926—1940, 
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verse lines of levelling. The strong rise west 
of it, between Eindhoven and Bergen op Zoom, 
seems to reflect a region of uplift, continuing 
into Belgium. 

More to the north, however, between 's Her- 
togenbosch and Utrecht, a narrow rise Ooc- 
cupies the site of what might be the northern 
continuation of the Central Graben, which is 
contrary to what might be expected. The rise 
south of The Hague may have some relation 
to a tectonic high dating from the Tertiary, 
though it does not quite coincide with it. 

A tectonic origin might also be suspected in 
the slightly rising area in the east near Almelo, 
which more or less coincides with the tectoni- 
cally high Trias mass in the subsoil. 

Otherwise, in the middle of the country a 
relation is sometimes found between surface 
geology and the trend of the mövement, sandy 
parts showing a gentle relative rise and peaty 
or clayey regions relatively sinking, which 
might be attributed to compaction over a larger 
area. But there are also exceptions and these 
seem to me more important for establishing the 
real movements. 

In the northern, relatively sinking half of 
the country differential tectonic influence 
is not very clear. Several regions of 
stronger sinking, as e.g. those north of Am- 


sterdam, and especially in the western half 
of Friesland, are for a.greater part peat and 
clay areas, and the regional sinking may be 
partly due to compaction of a larger area as 
a whole, which cannot be eliminated from the 
map by rejecting certain exaggerated figures. 
On the other hand also the sand and boulder 
clay areas have joined in the general sinking, 
as e.g. those of Drente and ‚most strongly 
those of SW Friesland, indicating that the 
movement is a real one. 


For some points in the subsiding NE with a 
slighter sinking than the surroundings, one may 
suspect a local relative rise of salt domes or 
anticlines, if they are not due to errors in the 
measurements. 


When trying to sum up, we are aware that 
our conclusions are encumbered with many 
uncertainties, such as the strong influence of 
local and even regional surface conditions 
(compaction), the uncertainty as to the reli- 
ability of the figures, the personal element in 
discarding figures, the great distance between 
the lines of levelling and the personal views 
in drawing lines of equal rise or sinking. Still 
we feel that certäin tectonic trends, especially 
a general tilt, and maybe some influence of the 
in the present-day movements of the country. 
structure of the subsoil, obviously play a part 


DISCUSSION 


Prof. Kuenen (Groningen) observes with regard 
to the map that the dune area stands out as a 
relative rise against the subsiding peat area behind 
it, which points to compaction of the latter. Would 
not Zeeland with its shallow d>pth of the Tertiary 
be a good place for the QO-line? 


Mr. Edelman replies that the peat area as a 
whole may indeed have been subject to compaction 
between the two levellings, but he does not think 
it justifiable to omit this whole region from the map. 
He has no opinion as to the question what should 
be considered as the true Q-line. 


Dr. Pannekoek (Geol. Survey) adds that the 
place of the O-line does not depend on the local 
underground but on the movement of this part of 
Europe as a whole; it can only be decided after 
comparing levellings over a whole continent. 

As to compaction, even if all the peat areas were 
left out, and only the sand areas were considered, 
the main trend would be the same: a tilting along a 
NNW-SSE axis — a movement different from 
that inferred from the base of the Pleistocene. 


Prof. Vening Meinesz (Utrecht) suggests that 
for future levellings the zero-point should be taken 
in a stable sandy area instead of at Amsterdam. 
He inquires if the strongly sinking area in SW- 
Friesland is as narrow as it is indicated on the map. 


Mr. Van der Weele (Geodetic Service, Public 
Works Dept.): For the second primary levelling 


some bench marks were selected, after consulting 
the Geological Survey, in areas with a minimum of 
compaction. 

The zero-point at Amsterdam has been connected 
with the German levellings in 1875 and again in 
1940, without appreciable differences having been 
observed. 

Dr. Pannekoek (Geol. Survey) in his reply to 
Prof. Vening Meinesz states that the negative area 
in SW-Friesland is only based on one bench mark 


on a stable underground, the surrounding ones being 
subject to compaction. 


Prof. Faber (Delft) would welcome the publica- 
tion of all the figures on which Mr, Edelman’s map 
is based in order to make it clear which figures 
have been discarded. This is particularly important 
in view of the strong subsidence in the N of Fries- 
land and Groningen. 


Dr. Pannekoek replies that he has discussed 
these points with Mr. Edelman. Subsidence in the 
extreme N is not very certain, being based on one 
bench mark which, notwithstanding its rather sandy 
subsoil, may have undergone some compaction; the 
surrounding subsidence is mere extrapolation. By 
comparing the real values on map 1 with the 
corresponding points on map 2 the reader could 
find the discarded values. In the elimination of 
figures the geological setting has been considered. 


Prof. Thijsse (Delft): If we had exact knowledge 
of the changes of sealevel in regard to Amsterdam 


level as given by tidal gauges, of the present 
differential movements as given by precise levellings, 
and of the absolute rising of sealevel, we should 
have all necessary data, needed from a practical 
point of view. Uhnfortunately none of these is 
absolutely reliable. 

Three successive levellings have been executed 
in the Netherlands. Krayenhoff's at the beginning 
of the 19th century is not very accurate. Never- 
theless it indicates a tilting in the same sense as 
the one dJerived from the later levellings. The 
1875—'87 levelling by Cohen Stuart is very reliable, 


and quite comparable with the third under Prof. , 


Schermerhorn’s direction. The possible error in the 
- difference between the two levellings (for which 
213 X the standard error is allowed) may be 
about 215 cm over 200 km, or 5 cm over 400 km. 
The general tilting shows greater differences, so 
the levellings must be considered as an absolute 
proof that tilting does occur. It also indicates the 
order of magnitude of the tilting: between 5 and 
10 cm in half a century between the extreme North 
and the South of the country. But no more may be 
- deduced from the levellings. The tectonic movements 
“ are smaller than the uncertainty in the observations. 
The only safe conclusion is that the well known 
tectonic movements do not contradict the results of 
the levellings. 

Prof. Bakker (Amsterdam) observes on fig. 1 
that some bench marks with a remarkably high 
subsidence are situated on deep holocene qullies 
with strong compaction and sometimes quicksands 
(near Franeker, Zijpe, Castricum). Some points 
with less subsidence in Friesland are situated in 
areas (subterranean plateaus) with firm Pleistocene 
near the surface. 

Prof. Geuze (Delft) agrees with Prof. Bakker, 
that such bench marks may show considerable sub- 
sidence. He quotes an example, which has come to 
his knowledge by an information from Mr. Smits, 
Scientific Officer of "De Wieringermeer”, and 
which in his opinion represents an extreme case 
of strong local compaction of a mud-filled gully in 
the Y-polders. In the course of 75 years a settlement 
. of 250 cm has been measured on this particular 
spot. This case is being studied now from the soil 
mechanics point of view, but as the long-period 
laboratory tests are not sufficiently advanced, no 
definite information about the outcome is yet 
available. 
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Prof. Baarda (Delft) agrees with this last remark 
and also warns against conclusions before the soil 
properties at each bench mark have been studied. 


Mr. Edelman replies that the foregoing remarks 
fully confirm his own warnings concerning possible 
errors in the map. He does not agree with Prof. 
Bakker on quicksand having a strong compaction, 
except if it can escape sideways. 


Prof. Bakker thinks that the excavations for the 
new lock and canal near Harlingen may have 
influenced the compaction of the quicksand. 


Prof. Mac Gillavry (Amsterdam) observes that 
the tilting as it appears on Mr. Edelman's map is 
of the same order of magnitude as the movements 
of deeper levels as shown on Dr. Pannekoek’s maps. 


Prof. Vening Meinesz (Utrecht) remarks that 
two consecutive levellings in Belgium also revealed 
a tilt along an E-W axis. To a question of Prof. 
Faber he replies that the two countries probably 
form part of a single tilting block. This tilting is 
not a consequence of subsidencee around Fen- 
noscandia, but may be influenced by the general 
rise of the region N of the Alps. 


Prof. Grond (Delft) supplies additional informa- 
tion on the differential movements in Limburg. 
From recent levellings undoubted evidence has been 
gained that the faults bordering the Central Graben 
have moved during the last few decades, and it is 
almost certain that the Peel horst has risen 2 cm 
in relation to the Graben during the last 25 years. 

The tilt inferred by Mr. Edelman closely agrees 
with a similar tilt in the Rhine—Westtalen region 
(according to Weissner), the Burscheid—Wipper- 
furth line having risen 30 mm and the Wesel— 
Haltern line having subsided 20 mm in relation to 
an assumed axis through Duisburg—Dortmund up 
to 1929. 


Dr. W. A. Visser (Nederlandse Aardolie Maat- 
schappij) suggests that the casingheads of aban- 
doned N.A.M. borings be used as bench marks for 
future levellings. There are some 160 of such 
borings distributed all over the country; in several 
of them a casing cemented at considerable depth 
has been left behind. N.A.M. will certainly colla- 
borate in this matter, which statement is gratefully 
appreciated by the audience, 
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TIDE-GAUGES, SUBSIDENCE-GAUGES AND FLOOD-STONES 
IN THE NETHERLANDS 


J. VAN VEENI 


INTRODUCTION 


Reliable data are rather scarce, which is to 
be regretted, because subsidence ? of the Dutch 
soil is one of the main threats to the existence 
of the Netherlands as a nation; if not at this 
moment, it will be in the future, 

The C-14 investigations made for the Delta- 
Commission by Prof. Hl. de Vries of Gronin- 
gen show the age of the bottom of the "lower" 
peat layer to be about 7200 years. As this 
layer is about 18 metres below H.W. (the 
height where plants start to grow), the average 
subsidence has been about 14 metre/century. 
I£ the subsidence should continue at the same 
rate, we woüld after another 7200 years need 
high dikes. Though this could be done techni- 
cally, the threat of salt-seepage would be very 
serious. Only a short coast could provide a 
maximum of defence. 


For practical purposes we need to know: 
(1) how much the sea-level rises as compared 


to Dutch Ordnance Datum (N.A.P.); 


(2) the rate of subsidence of our dikes and 
buildings. 

These figures are not the same. In the past, 
investigators (myself included) used the data 
of the Rijkswaterstaat (Public Works Depart- 
ment), gained from the many gauges placed 
along the coast and estuaries of our country 
and published annually since 1854. Further 
research has shown me, however, that this 
method is far too simple and that it leads to 
incorrect conclusions. Since 1945 I have there- 
fore renounced the correctness of the con- 


clusions I published in 1936 (VAN VEEN, 1936, 
1945) 


DUTCH ORDNANCE DATUM (N.A.P.) 


In 1682 Burgomaster Hudde had eight marble 
stones built into the new sea defence works 
of Amsterdam. There is still one left. The 


1 Rijkswaterstaat, Directie Benedenrivieren (Pu- 
blic Works Department), 's Gravenhage. 

2 Subsidence, or relative subsidence, here includes 
compaction, rise of sea level, tectonic movement, etc. 


height of the water level in the Amsterdam 

tidal harbour was measured every hour of the 

day and night. There is an interruption of 15 

years when some supervisor destroyed those 

readings. The average tide was about 1 foot, 
and the N.A.P. was originally (1682) meant 
to be the average H.W. at Amsterdam. Now, 
in 1954, it is about mean sea level, from which 

a rough average subsidence figure of about 5 

to 6 cm per century can be deduced. 

The graph of those readings is given in 
figure 1. I must consider this graph as the most 
accurate one concerning our subsidence. The 
graph ends when the Zuiderzee was closed in 
1932. In 1872 the I] was closed, so that the tide 
has not reached Amsterdam since then. The 
dots between 1872 and 1932 give a spread of 
some centimetres. This is largely due to the 
discrepancies caused by leveliing between the 
N.A.P.-stones at Amsterdam and the gauges 
cutside the IJ-dam, a distance of several kilo- 
metres. My study of this N.A.P.-graph has 
been published in an earlier paper (VAN VEEN, 
1945). The conclusions reached were: 

l. The Hudde-stones did not sink much be- 
tween 1700 and 1860. Or, if they did sink 
appreciably, the sea level would have sunk 
almost the same amount. 

2. The Hudde-stones showed an accelerated 
sinking since 1860. It is now about 16 
cem/century. The last Hudde-stones (they 
disappeared gradually) may have sunk 
because of heavier traffic across the bridges 
in which they were built. 

Amsterdam is perhaps not a very good place 
to establish an Ordnance Datum. The soil con- 
sists of a soft peat layer, but the houses and 
other structures like bridges and locks are 
built on poles. During the last war I had the 
ptivilege to see a map, made by the Survey 
Office of the Municipality of Amsterdam, 
which showed that all houses and structures 
of that town subsided, old ones as well as new. 
The map was lost during the war, but I remem- 
ber subsidence figures of 20 to 40 cm in some 
decades. The Oude Kerk (Old Church) and 
the Royal Palace were among the least sub- 
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Fig. 2 — Alterations of zero of N.A.P.-gauges. 


siding structures. They had the same rate of 
subsidence as the N.A.P.-stones, placed in 
1682. 


SUBSIDENCE GAUGES 

The Netherlands have no subsidence gauges, 
but they may be built soon. A subsidence 
gauge for a sandy soil may be constructed as 
follows: a tube long enough to reach into 
the sand bottom; in it an iron rod resting, 
without friction caused by the inner sides of 
the tube, on a large block of concrete at about 
22 m depth. "The tube should not rest on that 
block, because it will take friction from the 
settling sand around it and therefore would 
exert too great a force on the concrete block. 


The gauge should be on the beach and the 
tide should be measured daily at the iron rod, 
preferably however, the mean sea level instead 
of the tide. The tide could be damped out 
(choked) in the same way as the medimario- 
metre in Brest does. 


I£ we placed such subsidence gauges at Cad- 
zand, Schouwen, Scheveningen, Petten and 
Terschelling we could learn to know our sub- 
sidence data on those spots. They should not 
be placed near estuaries, because the mean sea 
level and tides would change there, owing to 
future technical works and natural silt move- 
ments. Only Scheveningen aud Petten are not 
influenced by estuaries. 


One of those two subsidence gauges could 
be used as the new Dutch Ordnance Datum, 


the old one at Amsterdam being not very 
reliable 3. 


REGISTERING AND NON-REGISTERING 
N.A.P.-GAUGES 
The non-registering gauges seem to be the 
best, because the registering apparatuses need 
more adjustment. An unnoticed error of only 
1 cm will be read as 20 cm, because the scale 
of registration is 1 to 20 as a rule. 


Of course, we always will need N.A.P.- 


- gauges, we cannot possibly do without them. 
They are adjusted at irregular intervals by 
means of levelling procedures which are more 
or less accurate. If a surveyor finds a mistake 
of say + 5 cm, he changes the position of the 
N.A.P.-gauge. If his successor, a year or so 
later, finds a mistake of —6 cm, he again 
changes it. This goes on continually (fig. 2). 
“ The readings have to be altered also. 
"N.A.P.-gauges are continually moved up 
and down. Their purpose is not to give sub- 
sidence-figures, but to give the exact height of 
N.A.P. all over the country. They are wholly 
unfit to be used as subsidence gauges. If we 
could assume that there were no mistakes at 
all in those continual levellings, all our N.A.P.- 
gauges would give the subsidence curve of the 
Hudde-stone at Amsterdam, in Delfzijl as well 
as in Cadzand. The difficulties of re-correcting 
the readings on the often corrected N.A.P.- 
gauges are legio. 

In 1950 I asked surveyor J. M. Saarloos to 
investigate some old fixed gauges and bench 
marks which had escaped attention (or nearly 
. so) of our very active Waterstaat people. The 
result of his study (SAARLOOS, 1951) was: 


Locality subsidence 
Terschelling (since 1832) 7 cm/century 
Katwijk (since 1767/1805) 7 
Brielle (since 1747/1815) % 
Petten (since 1860) 3 


I would not say that the figures of 3 to 
7 cm per century are very exact. They agree 
more or Iss with the graph of figure 1, how- 
ever. 


DIKE SUBSIDENCE 
A dike settles extra because of pressure on 
the sub-soil, because of shrinkage of its own 
body, and because of weather erosion. The 
maximum amount we found for an important 
dike was in the order of 3 m in a century, 


3 There is a "zakbaken” at Rotterdam now, made 
- by the Municipality. This "sink-beacon” is not a 
gauge, however. It is only a bench mark or muni- 
cipal ordnance datum. 
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often it is no more than 13 m per century, or 
even less. Not much is known about dike sub- 
sidences. 

The Delta Commission ordered an investiga- 
tion of the settling of dikes, but the results 
are not available as yet. It is an historical as 
well as an archeological investigation. For one 
of the main dikes of the Netherlands the 
levellings since 1552 were discovered in one 
of the archives. It is an interesting study which, 
so far, seems to show that the surge of 1570 
was a very high one, that most of our dikes in 
the Southwest were then very strong indeed, 
and that the extra subsidence of dikes seems 
to be considerable. 

It would appear that it is impossible to 
deduct geological subsidence from the flood 
damages in certain centuries. Those flood 
damages were caused largely by lack of main- 
tenance of the dikes. Vierlingh's advice (1575) 
to level all dikes once in 7 years has never 
been taken to heart. Dikes will sink. 

In the southwestern part of the Netherlands 
about 20 so-called flood stones have been put 
into the best constructed buildings to record 
the height of floods. They may be reliable, or 
not very much so. A series of them is at Wil- 
lemstad (fig. 3). The flood of 1775 was an ex- 
cessively high one, higher than the one in 
1570. According to the frequency curves of 
to-day a flood of the same height as that of 
1775 now occurs once in every 5 years on an 
average! This is an example how our buildings 
and dikes are sinking. 

The house at Willemstad was built by Prince 
Maurits about 1600 for military purposes. The 
soil is normal sandy marsh silt, and as the 
house stands at the harbour, one gets the im- 
pression that if it has sunk more than one 
metre in 350 years, as the stones would imply, 
the whole village and its harbour terrains and 
quays must have sunk about the same amount. 
The dike which runs through Willemstad 
perhaps more, because it is heavier. 

The average "subsidence” which might be 
deduced from these "flood stones” is about 
15 metre per century, but this is not exact be- 
cause the presumption that the old floods were 
of the same intensity as the flood of 1953 may 
be wrong. Instead of "intensity, however, we 
should use the word "surge”, a surge being the 
wind-effect above ordinary high water. 

We have some vague idea, based on our 
preliminary studies, that the floods of 1570, 
1682, 1775, 1776 and 1953 are comparable in 
„surge”. Those were at least the highest in the 
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southwest. If they had the same surge, the 
"flood-stone subsidences’ for the most reliable 


stones are as follows: 


Locality subsidence 
*Goesse Sas 1682—1953 0.35 m per century 
*Willemstad Ike ULREE 5 ” 
Brielle 1775-1953. 70.33, 5: 7, 
*Maassluis 1775—1953 049, » 7 

Vlaardingen 1682—1953 051, » ’e 

Delfshaven 1776-153 20.55 m 
*Rotterdam 1775195934 0 40m: hy 
Kralingse Veer 1775—1953 052, „ m 
Gouderak Mel ES Fr 

average 0.47 m per century 


* means most reliable, average 0.49 m per century. 


unprecedented flood. We never can say: "we 
have had it’. 

(2) The rate of subsidencee of the old 
houses, dikes and other structures seems to be 
much greater than the rate of subsidence of 
our Ordnance Datum. It would be unsafe to 
calculate the height of our works with the 
subsidence data based on the Ordnance Datum 
at Amsterdam, or any other bench mark of 
the past. 

The ancient dike builders had no Ordnance 
Datum. They had a better level to start from, 
namely the average High Water Level (mail- 
vloet). When the mean sea level rose, or better 


94,196 ja 


Fig. 3 — Flood stones at Willemstad. 


Of course we do not know with sufficient 
exactness whetlier the surges of 1682, 1775, 
1776 (same height as 1775) and 1953 were 
about the same, but the flood stones give some 
other more definite information: 

(1) The records are being broken again and 
again. The rate is about once in 30 to 40 years 
as an average. We are lead to the conclusion 
that every few decades we must expect a flood 
which is 20 to 30 cm higher than the last 


still (as the amplitude of the tide may change 
too), when the H.W. level rose, their dikes had 
to be raised because the height of the dikes was 
fixed at a certain amount of feet above H.W. 
Or, otherwise, they fixed the height of the dike 
in relation to the highest point of their saltings 
(gorzen). When the water rose because of 
tectonic, climatic, or morphological influences, 
the saltings would rise with it, and therefore 
the height of the dikes. 


The ancient engineers were therefore con- 
cerned with ”surges’ only. As soon as they 
started with "fixed points”, like the top of a 
certain bridge or lock, their dikes became 
unsafe . 


We, modern engineers, need the fixed points 
but let us beware of them! They will sink. 


FIELD SUBSIDENCE 


In marine marshes ridges may be noticed. 
They are filled-up creeks, whose fillings have 
settled less than the surrounding country. In 
the Wash-area they are called 'roddons’. The 
height of those ridges may be several feet, 
showing that different soils settle at different 
rates. - 


Marine silt, on which most of our dikes are 
built (quite comparable with the soil on which 
the dikes of the Wash are built), settles less 
than moor or marine clay. Still, 'good’ sandy 
soil may also settle considerably as can be 
observed at the fillings of the bed of the Old 
Rhine, e.g. at Alphen. The lana, originally 
washed up until a height of the ordinary 
saltings (about a foot above the H.W. of that 
time) lies now 2.20 m below the H.W. of our 
time. As the mouth of the Old Rhine was shut 
off from the sea about 1000 years ago, the 
‚settling appears to be 0.25 m per century. 

Subsidence gauges as described above will 
give the subsidence of a layer at say 20 m 
depth below sea level. The layers above that 
depth are younger and as they have a greater 
pore-volume, they will settle more, that means 
to say extra. This extra settling often would 
appear to be far more than the settling of the 
"sink-beacon’, founded at a depth of 20 m. 


CONCLUSION 

(1) We need subsidence gauges. They must 
be entirely incorrectable and may not show 
the height of N.A.P. 

(2) The data of the N.A.P.-gauges should not 
be used any more for deducting the figures 
for our soil subsidence. 

(3) We expect much from the C-14 method, 
but we doubt whether it will be useful to 
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fix the subsidence graph for recent cen- 
turies. 


(4) We expect to learn something more about 
the subsidence of our dikes and buildings 
from historical and archeological evidence. 


(5) We expect that in the future engineers may 
be able to forecast the settling of dikes, 
locks and houses with sufficient accuracy. 


(6) Probably the rising of the sea level in 
relation to our most reliable bench-marks 
has not been much between 1700 and 1860. 
It may have risen more after 1860, and 
may be about 7 to 16 cm per century now, 
but we are not sure about it. Nor do we 
know whether our subsidence figure for 
bench-marks and gauges is the same for 
all places along our coast. 


(7) Many of our old dikes, old houses and old 
locks in the Western part of the Nether- 
lands seem to have sunk about 13 m per 
century. Several fields have sunk more 
than that, and some good sandy fields 
14 m per century. 

(8) The flood-stones indicate that, roughly 
speaking and as an average, we must 
expect every 30 or 40 years an unpre- 
cedented flood wich is about 20 to 30 cm 
higher than the former unprecedented 
flood. The word "is’”’ may be read "seems 
to be”, because we deal with relativity. 
For practical-reasons the word "is must 
be used. There is no safety-factor in the 
mentioned figures as yet. 


(9) Reliable technical data about our sub- 
cidence are scarce, and even poor. 
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DISCUSSION 


Mr. Wemelsfelder (Public Works Dept.) agrees 
“ with Dr. Van Veen as to his main conclusions, but 
not with regard to his evaluation of tide gauge 
readings. These tide gauges have to be continually 
corrected so as to indicate the same level as that of 
Amsterdam (N.A.P.). After repairs or cleaning they 
differ from N.A.P. and are then corrected to their 


true position directly afterwards. This does not mean 
that during the time before cleaning and correcting, 
they indicated a wrong level, as was surmised by 
Van Veen. Consequentiy Van Veen’s opinion, that 
the tide gauge readings are untrustworthy is not 
justified. They show a general rise of the sea-level 
of 15 cm per century (fig. 1, p. 220). 
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The fluctuations are due to the weather con- 
ditions which change from year to year. Those 
fluctuations are obviousliy the same for all the 
gauges and not caused by correcting them. 


ng 


_— 00000 


1870 1880 1890 1900 


Fig. 1 — Annual mean sea-level of 


The figure of 15 cm per century is obtained from 
our best tide gauges, and is consequently better 
than that deduced by Saarloos from neglected 
gauges. 

Van Veen's conclusions from flood stones also 
need a slight correction. The number of floods 
equal to that of 1953 during the last 500 years 
should be 1 or 2 instead of 5 to 7, and the figure 
of 47 cm is too large. 


These few objections, however, do not detract 
from the validity of Van Veen’s general conclusions. 


Mr. Wiggers (Soil Survey N.O.P.) considers 
conclusions from "flood stones’' not very helpful, 
as only superfloods are recorded; the inferred figures 
cannot be used statistically. 


Dr. Van Veen, who could not be present at the 
symposium, contributed the following written com- 
ment. 


I. Evidence of NAP-gauges 


Mr. Wemelsfelder's idea seems to be that I 
attacked the validity of the readings at the NAP- 
gauges. This was not my intention. I am sure that 
great care has been taken for the zero of the 
NAP-gauges to be at the same level as the main 
bench-mark at Amsterdam indicates. I gave my 
figure 2 in order to show that the NAP-gauges as 
well as its readings have been corrected (need to 
be corrected) so much that it is extremely difficult 
(or impossible?) to re-correct these readings. I 
should be very pleased for anybody to use the 
wellknown published data of levels at, say, Brou- 
wershaven, and be able to find the subsidence-graph 
for that or any other important station. There is 
perhaps still a possibility that the endeavours of 
almost a century, to find our subsidences by means 
of gauge-readings, may meet with some success. 


Mr. Wemelsfelder is quoted as having said that 
the NAP-gauges "show a general rise of the sea- 
level of 15 cm per century”, This is not the wording 
I should prefer. There is not one subsidence figure 
for the whole country, but as many as there are 
points in the verticals of the different places (fig. 1, 
p. 221). I could accept the wording: "The average 
figure obtained from {he NAP-gauges is x em/c.” 
This means that if the levelling mistakes, etc, are left 
out, the Hudde-stone at Amsterdam seem to subside 
to that amount. For the moment I cannot say 
whether I agree with x = 15 cm for the subsidence 
of the Hudde-stone. It would require a special 
study. 


1940 


One of the consequences of the "new look” is 
that our levellings can be checked. If the subsidence 
of the Hudde-stone is 15 cm/c the figures for all 
other NAP-gauges should also be 15 cm/c, because 


0 
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9 tide gauges from 1870 up to 1950. 


we deal with two items only: sea-level and the 
NAP-plane. 

The evidence of some main stations mentioned 
in the published official NAP-books (decades 
averages) is as follows for the 50 years-period 
1901/10—1941/50, High Water data. 


Rate of subsidence for HW at 


Cadzand 27.5 cm/c 
Vlissingen 230.7: 
Veere 225 
Zierikzee 19.5 
Brouwershaven 12.8 
Hellevoetsluis 15.5 
Hoek van Holland 8.0 
IJmuiden 24:3 
Delfzijl DEI 
N. Statenzijl 280 


The divergence from 8 tot 28 cm/c for our HW’s 
may be partly due to hydraulic changes, but these 
changes are not great, except for Harlingen, Den 
Helder, WVlieland and Terschelling (Zuiderzee- 
enclosure), which have been left out. Here follows 
a list for half tides (practically average sea-level) 
for the 70 years’ period 1881/90—1941/50. 


Rate of subsidence for 


Cadzand 7.5 cm/c (1881—1930) 
Vlissingen 1957 

Westkapelle 27.3 

Veere 10.0 

Zierikzee 13.8.5 
Brouwershaven 134 0 

Hellevoetsluis 15275 

Hoek van Holland 19.7 _,. 

IJmuiden 125 

Den Helder 1470 

Harlingen 90#=, 

Vlieland 25.0 

Oostmahorn 1.3 (1901-50) 
Delfzijl 217 


N.Statenzijl(HW) 28.0 (1881-1940) 


The divergences for this group lie between 1.3 
and 28.0 cm/c. The distances of the stations from 
Amsterdam may have some influence. 

The divergences mentioned ask for some study 
and explanation, if we want to have them decrease 
in the future. We can leave this to the assigned 
authorities. The ultimate aim to have no divergences 
any more is utopian, of course, but perhaps there - 
is a hope that our NAP-gauges can be managed in 
such a way that accuracy within a decimetre is 


reached: this would be a feasible aim. 

A better aim would be to establish several 
Ordnance Subsidence "Zakbakens” at our coast, 
and use these as the starting points of our precision 
levellings, not Amsterdam. This is the way, I 
believe, in which Great Britain tackles the problem 


spec.w. 413 -1,6 


Re SD:Ww. 2,0 


Sp.w. 2,65 


D 
rock 


depth of piles 
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"within 30 or 40 years (as a rough average) the 
incredible high flood of the past will be surpassed 
by a still higher flood”, because this has happened 
5 times since 1775, and why not expect a sixth? 
Strictly speaking, this applies to the house at Wil- 
lemstad only. 


D top of dike 
field 


rock subsidence 

B = rise of sea level 

C = shrinkage of sand, peat and clay 
D = shrinkage of dike 


A+B+C+D - total subsidence of dike 


Fig. 1 — Scheme of subsidence factors in a vertical A and B may be negative; C and D vary much 


according to place, 
(after eons). 


of subsidence. We should cease to measure our 
sea-level by way of levellings over a distance of 
hundreds of kilometres. The ideal for basic sub- 
sidence research is to have no levellings and no 
tide gauge apparatuses, but simply a pole on the 
sea-shore or in an open harbour. The pole should 
have a fixed gauge, proof against any correction 
that Man might want to make. 


II. Evidence of Flood-stones 

Mr. Wiggers considers conclusions drawn from 
flood-stones very definite. 

One of my main conclusion (nr. 9) is that 
reliable technical data, derived from gauges and 
bench-marks (flood-stones included) in the Nether- 
lands, are poor. Now that we have learned that in 
our search for subsidence figures, we cannot rely 
on the data obtained from NAP-gauges, we, engi- 
neers, are surrounded by an impressive void. We 
only have the following poor instruments to go by: 
(1), the Hudde-stones at Amsterdam, (2) the bench- 
marks of Saarloos’ study, (3) the flood-stones. 
Perhaps Saarloos overlooked one or two bench- 
marks which might be valuable. It is gratifying that 
the evidence of the Hudde-stones does not greatly 
contradict the evidences gained from the bench- 
marks studied by Saarloos. 

The flood-stones are our "signs on the wall”, 
easy to read. My conclusion 8 for the house at 
_ Willemstad is even self-evident. It has been a good 
idea of our forebears to record their super-floods 
in this way. The stones of fig. 3 speak as follows: 


Ultimately the top-layers will shrink until a specific weight of 2.65 is reached 


It is superfloods which are our enemies, not the 
daily ones, and how glad we must be that a few of 
them have been recorded on houses, because we live 
in houses, and the level of NAP is doubtful and an 
unseen item. Statistics of floods may lead to interest- 
ing facts, as our thorough studies have proved since 
1939 and earlier, but the practical results of those 
statistics are again rather poor. There have been 
only a few high floods since the reading of NAP- 
gauges started; we lack experience in high floods. 
Only time, past and future, can cure this lack. 
Hence the value of historical research, and the 
study of flood-stones and their sub-soil as compared 
to the sub-soil of dikes and other structures. 

There are three stones in fig. 3. The lowest 
obviously is from 1808, the middle one from 1916; 
the marks of 1775 and 1894 are perhaps slightly 
erroneous, since they will have been inserted in 
1808 and 1916. Flood-stones, however, are among 
the best witnesses we have so far. 

A subsidence figure of 47 cm/c as a rough average 
for the houses in which the flood-stones are built, 
is a moderate one. We know dikes whose tops sink 
at a rate of 100 to 300 cm/c, but also some whose 
rate of subsidence is small. It much depends on the 
subsoil, therefore on the field-subsidence. Dikes, 
houses and fields will sink more than bench-marks 
and gauges, see fig. 4, but the fact is that we know 
very little about the settling of dikes, houses and 
fields. The responsible authorities of one of the 
southern provinces gave a figure of 65 cm/c for 
the average settling of their dikes. Local soils, the 
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age of the dike, etc. must cause many differences. 
Perhaps the 65 cm is not correct. 


Mr. Wemelsfelder contests that the number of 
floods since 1940, equal to that of 1953, should 
be one or two, not five. My wording was more 
prudent. I spoke of "a vague idea” that the five 
floods of 1570, 1682, 1775, 1776 and 1953 are 
comparable in surge. I allowed for some 
spread. This was based on new studies in historical 
archives under the supervision of the competent 
historian Mr. S. J. Fockema Andreae, and also on 
those published by the State-Committee for the 
investigation of the 1916-flood, especially Mr. 
Schotel’s contribution to it. 


III. The way ahead 


The study of the tide-gauges, bench-marks, flood- 
stones and levellings inevitably leads to the con- 
clusion that we must make a (new?) start. 'T’here 
has been much talking and writing since 1570 (see 
Steenhuis, 329 Dutch publications before 1917) 
about the most deadly threat this country has to 
meet, and it was only Burgomaster Hudde and the 


men of the flood-stones who took action and gave 
their offspring an opportunity to solve the all- 
important problem. We still have no subsidence 
beacons along our coast. Also the dikes are not 
yet levelled once in 7 years, as Vierlingh (1575) 
already advised, by competentexperts 
(accurate levelling is an expert's job). The NAP- 
gauges have a different function, they cannot serve 
two purposes. 

If we, in 1954, would make this start, future 
generations of Dutch people would bless us as we 
bless Hudde. 

In the meantime we ourselves have started to 
study our historical floods, the soils underneath the 
flood-stones and dikes, etc. (competent archeolo- 
gists, historians and experts in Soil Mechanics are 
involved) but the harvest of that study cannot but 
be scanty compared with what future generations 
will reap when we, the 1954-generation, make the 
"zakbakens’ along our coast now. Also the 
levelling of our dikes by acknowledged experts 
should be started now, and the work should be 
done frequently, regularly, continually. 
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SYC.MPROSIUM:T QUWATERNARY CHANGEST UN LEVEL, 


ESPECTALDIZZINZTHIET NET HEREAN!DIS 


PALAEOBOTANICAL EVIDENCE FOR QUATERNARY 
LAND- AND SEA-LEVEL CHANGES IN THE NETHERLANDS 


F. FLORSCHÜTZ 


Changes in the sea-level with respect to the 
land-surface may affect the vegetation not 
only near the shifting shore-line, but also 
further inland. 


With a relative rise of the sea-level a low- 

lying coastal belt will become flooded by salt 
water, whereby the greater part of the vege- 
tation will be destroyed, unless it were adapted 
to or depending on a salt or brackish environ- 
ment. 
- Moreover, a rising sea-level will cause a 
rise in the water-table further inland and con- 
sequentiy swamps and lakes may come into 
existence. Their sediments, e.g. clay, gyttja or 
peat, will contain remains of the local vege- 
tation and of plants from the immediate sur- 
roundings, but also a part of the pollen-rain 
produced in a larger area. A macro- and micro- 
botanical analysis of these seaiments may 
elucidate the composition of the former vege- 
tation. 

Continuous rise of the sea-level may even- 
tually bring the swamps and lakes within the 
reach of salt water, causing the formation of 
marine sediments. Continental sedimentation 
will only be resumed after a regression of 
the sea. 

Consequently, lake-sediments and peat may 
be formed during a rising as well as during a 
falling sea-level. With regard to the peat, one 
may distinguish between transgression- and 
regression-peat. The may occur in one series, 
either separated by marine deposits, or passing 
into each other when situated outside the area 
reached by the sea at its maximum extension. 


However, even in the latter case a pollen- 
diagram may show evidence indicating the 
nearness of the sea, as the basal part of a 
regression-peat-layer often contains rather high 
percentages of Chenopodiaceae. Several mem- 
bers of this family inhabit salt-marshes and 
tidal flats. Upwards in the peat-layer frequent- 
ly the Chenopodiaceae-percentages rapidly 
decrease and at the very top only few pollen- 
grains of this family may occur. Evidentliy, the 
halophilous vegetation gradually disappeared 
from the area under consideration, indicating 


a regression of the sea. Conversely, diagrams 
of transgression-peat-beds may show high 
Chenopodiaceae-percentages in their upper 
parts, indicative of an encroaching sea. Such a 
peat is often covered by marine sediments. 


The deposits of clay and lignite occurring in 
the Plio-Pleistocene sequence in the middle 
part of the province of Limburg and more to 
the east, on German territory, may be cor- 
related with a high sea-level. Possibly these 
sediments were deposited in lakes when during 
Reuverian and parts of Praetiglian and Tiglian 
times a high sea-level hampered the normal 
run-off by the Maas, the Rhine and their 
tributaries. The shore-line will have been 
shifted westward during the cooler phases 
following the Reuverian and the milder phases 
of the Praetiglian and the Tiglian, and thus the 
former normal run-off could be reinstated, 
leading to the deposition of coarser fluviatile 
sediments. In this way the presence of sand 
and gravel can be explained which occur be- 
tween the Reuverian and the Praetiglian clay- 
deposits and between the Praetiglian and the 
Tiglian clay-deposits 

In as far as the pollen-diagrams reveal the 
forest-history during Reuverian, Praetiglian end 
Tiglian times, they may be expected to reflect 
climatic changes. In the case of the Reuverian 
they should demonstrate a climatic deteriora- 
tion, whereas the Praetiglian and the Tiglian 
diagrams should show changes in the climatic 
development from rather cool to mild and 
again to rather cool. The Reuverian diagrams, 
however, do not response to these expectations, 
perhaps as a consequence of the fact that 
the highest part of our upper-pliocene clay- 
beds sometimes contain too few pollen-grains 
so as to produce reliable pollenspectra. 
Removal of the uppermost part of the Reuve- 
rian clay, due to erosion, may permit an 
alternative explanation. 

The Praetiglian and the Tiglian pollen- 
diagrams, however, clearly reveal climatic 
oscillations as referred to above. 

Probably the rising sea-level of the Needian 
Holstein-transgression again caused a rising 
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water-table in the surrounding area, where 
lakes came into existence. Clay-deposits near 
Neede, Markelo and Rijssen indicate the for- 
mer presence of such lakes. It seems very 
likely that they also occurred more to the 
south and to the west, particularly in the 
present area of the large rivers, as may be 
inferred from the many finds of Azolla filicu- 
loides in a broad belt crossing the middle part 
of the Netherlands between Rotterdam in the 
west and Doetichem in the east. The initial 
stage of the Drenthian will again have lowered 
the water-table. Consequently, the lakes dried 
up and coarse sediments were laid down on 
top of the clay-deposits. 


The occurrence of last-interglacial deposits 
(gyttja, clay, peat, etc.) in the Gelderse Vallei, 
in northern Gelderland and in northwestern 
Overijssel, provides evidence for the existence 
of lakes and swamps both within and outside 
the area covered by the sea during the maxi- 
mum extension of the Eem-transgression. In 
the Gelderse Vallei the interglacial series 
sometimes starts with humic freshwater-clay 
(a transgression-deposit) formed while the 
surrounding forests were already rich in 
warmth-loving trees, representative of a 
rather advanced phase of the Eemian. On top 
of it lies a marine interglacial series, 10 to 15 m 
in thickness. Then again humic clay and peat 
follow, evidently deposited during a fall in 
sea-level and therefore considered to be re- 
gression-sediments. The pollen-spectra from 
this horizon show a dominance of Conifer- 
pollen which leads to the supposition that these 
sediments were deposited after the climatic 
optimum. Consequently, it seems justified to 
conclude that the Gelderse Vallei was partly 
below sea-level during the time of the optimal 
climatic conditions of the Eemian interglacial. 
This warm time is well represented in a pollen- 
diagram from a lacustrine series near Zwolle. 
At this locality, situated outside the area 
covered by the Eemian sea, freshwater-sedi- 
mentation could be continue uninterruptedly 
during the transgression- and the regression- 
stages. 


Paleobotanical evidence pointing to a low 
sea-level in Tubantian times may be inferred 
from the Velsen-section, only a few kilometers 
from the present-day North-Sea-coast, where 
a tundra-steppe-flora developed belonging to 
a cold substage. The exact position of the 
latter in the lastglacial sequence is still un- 
certain. Remains of this tundra-steppe-vege- 
tation occur together with those of a water- 


and swamp-flora which could exist due to a 
"perenne tjäle”, inducing the formation of 
lakes and swamps even with a low ground- 
water-table. 


The remains of this mixed flora are enclosed 
in so-called "lower terrace”-deposits which are 
evidently of eolian origin. Towards the end 
of the Tubantian, when the formation of the 
"lower terrace” at this locality was nearly com- 
pleted, the sea-level once more started to rise 
gradually. Higher parts of the North-Sea- 
floor, however, will at first have remained 
unaffected by the transgression, as moorlog- 
fragments dregded up from the Dogger-Bank 
yielded pollen-spectra well in agreement with 
those from Preboreal and Boreal stretches in 
other diagrams. It may be that this moorlog is 
of the same age as the uppermost part of the 
"lower terrace” near Velsen. 


The rising sea-level again caused the forma- 
tion of lakes and swamps further inland with 
Boreal and Atlantic deposits of clay, gyttja 
and peat. Together these sediments are known 
as "lower peat” (Dutch: veen op grotere 
diepte). An explanation for its most westerly 
occurrences requires the assumption of a bar 
or a spit separating the sea from a fresh- 
water-lagoon. Now and than the sea must have 
invaded the lagoon, as marine organisms are 
sometimes encountered in the "lower peat'. 


However, due to continuously rising sea- 
level, the supposed Boreal-Atlantic bar will 
have been overflooded or bursted and as a 
result the fresh-water-lagoon was changed into 
a salt-water-lagoon. At first the gyttja-deposi- 
tion continued, now, however, marine in 
character. 


Seen from a palaeobotanical angle, there is 
evidence that the Atlantic transgression was 
interrupted by a halt in the rise of the sea- 
level or even by a slight regression. This may 
be deduced from changes in sedimentation in 
the North-East-Polder, in Friesland and else- 


where. 


The transgression starting anew ended at 
the Atlantic-Subboreal transition. The sea 
receded and in the abandoned lagoon a layer 
of regression-peat developed, which often in- 
dicates a transition from an eutrophic via a 
mesotrophic to an oligotrophic vegetation, 
sometimes with recurrence. 


Probably the Subboreal shore-line attained 
a more western position than the present one, 
as may be concluded from the presence of 
Calluna-peat with "grenz"-layer-appearance in 


the subsoil of e.g. the isles of Voorne and 
Zuid-Beveland. 

The series of marine deposits separating the 
"lower peat” from the "upper peat'' decreases 
gradually in thickness eastward from the pres- 
ent coast and finally it disappears in the 
central part of the province of Utrecht. From 
there on the "upper peat” rests immediately 
on the "lower peat”. However, the Chenopo- 
diaceae-curve in pollen-diagrams may reveal 
the temporary presence of the sea at a short 
distance. More to the west, there where the 
"upper peat” is covered by young sea-clay, 
the curve of the Chenopodiaceae may predict 
the approach of the Subatlantic transgression. 
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The "grenz’-layer in oligotrophic bogs in 
the eastern parts of the Netherlands and else- 
where has sometimes thought to be related with 
a lowering of the ground-water-table following 
a Subboreal lowering of the sea-level. The 
composition of the "grenz'-layer peat with 
its many remains of Calluna and sometimes of 
Pinus and Betula could be explained in that 
way. The overlying younger Sphagnum-peat 
often starts with a thin layer of "precursor- 
peat” (Cuspidatum-peat) which to all proba- 
bility originated in a very wet environment, 
caused either by a rather sudden and strong 
rise of the ground-water-table at the beginning 
of the Subatlantic or by augmentation of the 
rainfall. 


DISCUSSION 


Dr. Jonker (Utrecht) dwells on the origin of the 
climatic stratigraphy of the Holocene. The terms 
have been coined by Blytt on account of consecutive 
immigrations of certain floristic elements into Nor- 
way, and have been applied by Sernander to 
definite time intervals, though his climatological 
conclusions are not always well founded. The sub- 
boreal drier climate was then inferred from Weber's 
"Grenzhorizont” (grenz-layer) in the elevated 
bogs, and later on for a decrease of marine influence 
in the lower part of our country. From a paleo- 


botanical standpoint this is the only definite 
indication for a regression, indications for other 
regressions (e.g. in the Atlantic) being only small. 


Mr. Wiggers (Soil Survey N.O.P.), however, 
thinks that the paleobotanical indications for a 
regression are not very strong, and in the N.O.P. 
(reclaimed Zuiderzee) formerly assumed regressions 
(after the sedimentation of the Unio clay and the 
Cardium clay) are no longer considered as proved 
facts. 
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EINLEITUNG 


Schon 1908, als ich anfing mich mit archaeo- 
logischen Fragen zu beschäftigen, kam ich in 
Berührung mit dem Problem der positieven und 
negatieven Niveauveränderungen unserer Küs- 
ten. Dies war eine besondere Folge eines mir 
aufgetragenen Studiums der alten Wohnhügel 
in den niederländischen Marschen der Pro- 
vinzen Groningen und Friesland: „Terpen” 
oder „Wierden”, wie man holländisch; Warfen 
oder Wurten, wie man deutsch sagt. Das ge- 
nannte Studium brachte mich nl. schon anfangs 
in Kontakt mit H. SCHUETTE und H. MARTIN, 
den bekannten Oldenburgischen Gegnern hin- 
sichtlich des betreffenden Problems im Be- 
reich der deutschen Nordseeküste. Glaubte 
SCHUETTE (1908) ja auf Grund der niedrigen 
Lage von Pflugspuren unterhalb Vollsee auf 
den Oberahnischen Feldern im Jadebussen an 
eine grosze neuzeitliche säkulare Bodensenkung 
von sogar 0.76; so hield MARTIN (1908) dage- 
gen die Lage des kaiserzeitlichen Gräberfeldes 
bei Dingen in der Butjadinger Marsh an der 
Oberfläche für einen Beweis stabiler Niveau- 
verhältnisse während unseres Zeitalters. In 
dieser Hinsicht nun war die Höhenlage der mit 
dem Meeresspiegel zusammenhängenden mari- 
nen Warfensohlen von ausschlaggebender 
Bedeutung. Und weil die deutschen Warfen 
nicht, die niederländischen dagegen intensiv 
exploriert und abgetragen wurden, führte dies 
zu dem genannten Kontakt und einem, bis zu 
dem beider Hinscheiden betätigten gegeseitigen 
Gedankenaustausch. Hinzu kam noch, dasz die 
sehr beunruhigenden Auffassungen und War- 
ungen SCHUETTE's ein informatorisches Gesuch 
von offizieller deutscher Seite an die König- 
liche Niederländische Akademie der Wissen- 
schaften in Amsterdam veranlaszten, mit dem 
Erfolge, dasz dafür eine spezielle Kommission 
ernannt wurde, welcher die Herren VAN DE 
SANDE BAKHUIZEN, DE BRUYN, MOLENGRAAFF 
und VAN BEMMELEN angehörten. Dieser hatte 
seinerseits wieder zur Folge, dasz die Warfen 
von neuem herangezogen wurden, insofern 
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dem Mitgliede der genannten Kommission, 
Prof. Dr. J. M. van BEMMELEN (1909) für 
diesen Zweck von mir die Höhen verschiedener 
mariner Warfensohlen vermittelt wurden. 

Nun ist es, habe ich richtig verstanden, 
wohl die Absicht dieses Symposions, dasz 
jeder dazu eingeladener Teilnehmer in erster 
Linie auf eigener Erfahrung fussende Ergeb- 
nisse und Ansichten zur Diskussion stellt. Diese 
können dann gegenseitig verglichen und geprüft 
werden, um so zu einer allgemein anerkannten 
Schluszfolgerung, bzw. schärferer Fragestellung 
beizusteuern. Und so halte ich mich einer Be- 
sprechung verschiedener Auffassungen, wie 
solche von SCHUETTE (1939) und MARTIN 
(1910), wie derer. welche die Berichte der 
erwähnten Kommission kennen lernen, oder 
anderer, enthoben. Auch habe ich verstanden, 
dasz es sich beim bevorstehenden Symposium 
namentlich handele um die Niveauveränderun- 
gen in früh- und spätistorischer Zeit, und zwar 
— von uns aus gesehen — besonders um die, 
welche das eigene Land betreffen. 

Deshalb habe ich mich, abgesehen von eini- 
gen wenigen Literaturangaben, beim folgendem 
Resum& nach dem Vorangehenden gerichtet, 
dabei in chronologischer Reihenfolge vor- 
gehend. 


DAS PALAEOLITHIKUM 


Ueber die grossen, jedem evidenten Niveau- 
veränderungen zwischen Land und Wasser 
während des Palaeolithikums, der letzten Eis- 
zeit, bestehen keine Meinungsverschiedenheiten 
bei den Vorgeschichtlern, denen die Höhenun- 
terschiede in der Lage der Kulturüberreste 
diluvialer Steinzeit in Höhlen und Flachland- 
siedlungen bekannt sind. Im Lichte des Voraus- 
geschickten haben sie in diesem Zusammenhang 
höchstens eine mittelbare, extrapolierende Be- 
deutung. 

An den, im übrigen durchaus problematischen 
sog. Clactonienfunden, sowie auch an die früh- 
palaeolithischen Beile in der Mitte der Nieder- 
lande, können wir stillschweigend vorüber- 
gehen. Wichtiger ist eine alte Moorschicht, 
ein paar m unterhalb des Meeresspiegels, in 


dem Nordostpolder, aber-sie ist archaeologisch 
nicht zeitlich bestimmt. 


DAS MESOLITHIKUM 


Für die mittlere Steinzeit gilt m.m. dasselbe 
wie für die alte. Was die Niederlande betrifft, 
ist m.E. besonders wichtig das Liegende der 
marinen Marsch im westergoischen Friesland, 
mit ihren, zudem ältesten Warfen die wir 
kennen. Es besteht dieses in der Nähe vom 
Städtchen Franeker aus einer dünnen, etwa 
0.10 m dicken Hochmoorschicht. Diese bildet 
dort, bei Kiestertille, ihrerseits, in einer Tiefe 
von ca 3 m, das Hangende des diluvialen Un- 
tergrundes von Decksand. Das Hochmoor ist 
damals vom Meereswasser abgeschliffen, wäh- 
rend es mit Bohrmuscheln durchsetzt wurde. 
Es gehört, wie DIJKSTRA nachgewiesen hat, 
zum Uebergang vom Boreal zum Atlantikum. 
Es bezeugt somit eine positieve Niveauverän- 
derung nach jener Zeit (ca 5000 v. Chr.) von 
ungefähr drei m, und entspricht dem Vor- 
dringen des damaligen Litorinameeres. 

In diesem Zusammenhang seien hier einige 
mesolithischen, im Nordseebecken aufgefunde- 
nen Maglemoose-Harpunen ihres Interesse 
wegen nachdrücklich ‘hervorgehoben. Eine 
solche wurde nl. auch in oder unter dem Hoch- 
moore in der Drentschen Gemeinde Emmen 


aufgefunden. 
Zweitens sei hier genannt die verschiedene 
Höhenlage gleichaltriger Kjokkenmoddinger 


Funde: in der Kieler Bucht bis ca 3 m unter 
dem Wasserspiegel; nördlich der alten Deutsch- 
Dänischen Grenze dagegen an den Rändern 
verlandeter, tief landeinwarts vordringenden 
Buchten, sog. Förden. Es entspricht dieses so 
einerseits einer positieven, anderseits einer 
negatieven Niveauveränderung seit der Zeit, 
etwa 3000 v. Chr. 

Und schlieszlich verhält es sich z.B. nicht 
anders mit vergleichbaren Funden an alten, 
hohen Strandlinien in Finland. Im Süden weni- 
ger hoch gelegen als im Norden des Landes, 
bezeugen sie hier wie dort eine im ganzen nega- 
tieve Niveauveränderung von 0.35 m, resp. 
1.00 m sekular. Davon übertrifft die negatieve 
des Landes offenbar — im Süden weniger; im 
Norden mehr — die positieve des Meeres. 


DAS NEOLITHIKUM 
Für die Niederlande sind hinsichtlich unseres 
Themas bemerkenswert die Funde einer Sied- 
lung bei Zandwerven in der Provinz Nord- 
Holland (VAN GIFFEN, 1930). Sie gehören 
der schnurkeramischen Kultur an und liegen 
auf einem alten alluvialen Meeresstrande 
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in einer Höhe von etwa 1.50 minus N.N. In 
dieser Weise bezeugen sie eine positieve 
Niveauveränderung seit der Zeit, ca 1500 v. 
Chr., von ein paar m. Zugleich mit diesen 
Funden ist hier noch zu nennen der eines 
gleichartigen Bechers im trocken gelegten Wie- 
ringermeer. Weniger Bedeutung haben m.E,, 
der unsicheren Fundverhältnisse wegen ein 
paar Steinbeile, welche in grösserer Tiefe bei 
Hoorn, bzw. bei Urk im Nordostpolder zu 
Tage getreten sind. 

Zusetzlich sei noch hingewiesen auf die mir 
von E. SPROCHHOFF vermitteite Lage über- 
schwemmter Riesensteingräber in der Eider- 
niederung bei Rendsburg einerseits, einer sol- 
chen bei Boberg, 20 km südöstlich von Ham- 
burg im Elbtal anderseits. Beiläufig sei hier 
noch hingewiesen auf die Lage des megalithi- 
schen Denkmals bei Es Lania in der Bretagne, 
welche bei jedem Tidenhub für die Hälfte unter 
Wasser kommt, für die andere Hälfte trocken 
bleibt, und so zugleich auch eine örtlich be- 
schränkte Landbewegung zum Ausdruck bringt. 

Vielleicht ist es angebracht hier noch zu 
bemerken, dasz die neolithischen Grabhügel 
auf der Geest, im Gegensatz zu den bronze- 
zeitlichen und späteren, nie einen Untergrund 
mit einem gut entwickelten Heidepodsolprofiel 
zeigen. 


DIE BRONZEZEIT 


Für diese Periode seien besonders hervor- 
gehoben einige spätbronzezeitliche Grabhügel 
in den westfriesischen Gemeinden Zwaagdijk 
und Grootebroek, der Provinz Nord-Holland. 
Sie liegen dort nl. auf altem Ackerlande mit 
Hakenpflugspuren, von alluvialem marinem 
Ton, dessen Höhenlage etwa 1.20 — N.N. ist. 
Im allgemeinen wieder einer seitdem positiven 
Niveauveränderung von ein paar m ent- 
sprechend plaidieren sie zugleich für vorüber- 
gehende Regression in jener Zeit. 

In Bezug darauf ist m.E. ein erst kürzlich 
zum ersten Male betrachtetes Phaenomen auf 
der Drentschen Geest besonders bemerkens- 
wert. Ich meine damit das über einander Vor- 
kommen von zwei Heidepodsolprofilen aus der 
frühen und späten, oder spätesten nordeuro- 
päischen Bronzezeit. Sie lagen tiefer, bzw. un- 
mittelbar unterhalb einiger Grabhügel der 
vorrömischen Eisenzeit bei Hijken, Gem. Bei- 
len. Die beiden, verschiedenalterigen podso- 
lierten ursprünglichen Heideoberflächen sind 
getrennt durch ein Schichtenpaket aeolischer 
Sande von 0.60 bis 0.80 m Mächtigkeit. Dieses 
intermediaire Flugsand zeigt stellenweise zwar 
noch wohl dünne humose Bändchen, welche 
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eine vorübergehende Vegetation bekunden, 

aber erst in der jüngeren oder jüngsten Bronze- 

zeit hat sich diese wieder durchsetzen und 

behaupten können (VAN GIFFEN, 1954). 

Betrachten wir nun in Zusammenhang hier- 
mit nicht nur die Art und Lage der oben ge- 
nannten Grabhügelsohle in der nordholländi- 
schen Marsch, sondern auch: 

(1) die der zahlreichen Siedlungsspuren auf 
den verlandeten Seeen und Flüszen Süd- 
west-Deutschlands; 

(2) die der damit übereinstimmenden sog. 
Pfahlbauten im Alpengebiete, deren bron- 
zezeitliche weiter seeeinwärts gelegen sind 
als die steinzeitlichen; 

(3) und schlieszlich die der älteren, subborea- 
len Sphagneten; 

dann liegt es nahe, diese verschiedenen Er- 

scheinungen von einem Gesichtswinkel aus 

betrachten zu dürfen, und zwar von dem einer 
vorübergehenden spätbronzezeitlichen Meeres- 
regression. 

Bemerkenswert sind hier am Ende noch die 
mir erst in der allerletzten Zeit bekannt ge- 
wordenen, von SANTA ÖLALLA vermittelten 
Erscheinungen in Spanien, denen sich solche 
in Nord Afrika anschliessen. Sie bezeugen eine 
vorübergehende Trockenphase während der 
zweiten spanischen Bronzezeit, der Algarkul- 
tur. Die vielen Töpfe unterhalb (tropfenden) 
Stalagtiten in Höhlen aus jener Periode, um 
1000 v. Chr., und zwar in der Nähe von aus- 
getrockneten Flusztälern, werden zum Beleg 
dafür herangezogen. Es sind dies namentlich 
die Höhlen La Pileta — d.h. Wasserbecken — 
in der Provinz Malaga und die Cueva Ata- 
puerca in der Provinz Burgoz. 


DIE EISENZEIT 


Es sind namentlich die schon anfangs er- 
wähnten Warfen und ihre Entwicklungsstufen, 
welche von archaeologischer Seite Daten für 
das fragliche Problem, besonders für die histo- 
rischen Niveauveränderungen, ergeben haben. 

Gerade in der jüngsten Zeit sind in dieser 
Hinsicht von HAARNAGEL bedeutsame, strati- 
graphisch scharf getrennte Wohnflächen bei 
Jemgum in Ostfriesland entdeckt worden. Diese 
können zugleich als embryonale, ins Stocken 
geratene Entwicklungsphasen der ältesten 
Warfen gewertet werden. Ich meine damit die 
dort auf einem alten Emsufer gelegenen, durch 
einem mächtigen, sterielen Ton getrennten 
Kulturschichten aus der mindestens frühen 
Lateneperiode, bzw. aus der römischen Kaiser- 
zeit. Die erste, ältere Kulturschicht kann in 
Bezug gebracht werden mit der von VAN LIERE 


für das Westland nachgewiesenen vorrömische 
Regressionsperiode. Die letzte, in der Höhe der 
heutigen Oberfläche liegende jungere Kultur- 
schicht ist dagegen unmittelbar zu vergleichen 
mit der schon von MARTIN (1908, 1910). be- 
tonten Lage des Dingener Gräberfeldes. 

Diese Verhältnisse passen nun m.m. vol- 
ständig in den Rahmen der Beobachtungen, die 
stets wieder getan sind an den Warfen der 
niederländischen und norddeutschen Marschen. 
Im allgemeinen liegen ja die bezüglichen nie- 
derländischen marinen Warfsohlen etwa N.N. 
Für Nordwest-Deutschland gilt soweit mir 
bekannt — wegen geringerer Bodenaufschlüs- 
se jedoch weniger gut nachweisbar — bis zur 
Elbe ungefähr dasselbe. Allein nördlich dieses 
Flüsses ist die entsprechende Lage, wie bei 
Fahrstedt und Töfting, bedeutend höher, nl. 
bis 1.50 über N.N. 

Im übrigen kommen örtlich wichtige Ab- 
weichungen vor. Dies ist zum Beispiel der Fall 
in Farmsum bei Delfzijl an der Ems. Dort 
steckt der Warf mit seinem Fusz tief ins „Mai- 
feld’, während seine Sohle, hinsichtlich des 
Meeresspiegels, sehr niedrig, bis unterhalb 
N.N. liegt. Hier ist die Warfsohle jedoch nicht 
nur sehr tonig, sondern Sie enthält überdies 
zwei Moorschichten über einander. Diesem 
Warf darf mit noch anderen Kulturspuren ein 
anderer, östlich der Emsmündung, zur Seite 
gestellt werden. Ich meine damit einen Warf 
und örtlich weniger auffällige Kulturschichten, 
welche zu Tage kamen in der einen Böschung 
des Abwässerungskanals, das 1929 östlich von 
Emden gebaut wurde (VAN GIFFEN, (1929 — 
1931). Der Anfang des Warfs, ein klei- 
ner Kernhügel, liegt dort auf Hochmoor, 
während die nachherigen Anwerftungen jedes- 
mal mit ihrer Randpartie auf dem inzwischen 
ringsum stufenweise mit Meereston über- 
schlickten Maaifelde ruhen. Am Ende haben 
die Bewohner den Warf doch verlassen müs- 
sen, denn der alte Mehrperioden-Wohnhügel 
ist vollständig überschlickt und in der Marsch 
aufgenommen worden. Bemerkenswert ist eine 
dünne Schicht von Meereston innerhalb der 
liegenden Hochmoorablagerungen. Sie bekun- 
det unzweideutig ein Ansteigen des Meeres- 
spiegels, wodurch die obere Schicht des Hoch- 
moores über grosze Strecken von der basalen 
losgerissen wurde und sich zwischen beiden 
Moorschichten der Ton ablageren konnte. 

Dieses Vorgehen kennen wir auch aus dem 
nordwestlichen Friesland. Im Westen dieser 
Provinz, in Westergoo, ist das entsprechende 
Moor dagegen ganz zerschlagen und vereinzelt 
kaum noch schollenartig in den marinen Sohlen 


der dortigen Warfen nachweisbar, wie zum 
Beispiel in Baajum, während im Norden beides 
vorkommt. Hier ruhen nl. die alten Warfen 
teilweise auf gewachsenem (Bornwerd), teil- 
weise auf versalztem Hochmoor (Lichtaard), 
teilweise, d.h. weiter seewärts, auf marinem 
Ton mit eingelagerten Hochmootschollen (Aal- 
sum). Das eine wie das andere verrät eine 
vorrömische Meerestransgression, jedenfalls 


eine positieve Niveauveränderung den südost- 


lichen Nordseegestade. 

Soweit es das uns beschäftigende Problem 
betrifft, möchte ich nun noch hinzufügen ein 
Ergebnisz der systematischen Untersuchung 
eines Teiles des groszen Dorfwarfs von Ezinge 
in der Provinz Groningen. Der etwa 16 ha 
grosse und 5.5 m hohe Warf, auf dessen süd- 
östlichem Sektor das heutige Dorf liegt, geht 
zurück bis in die ältere Lateneperiode, wenig- 
” stens 300 v. Chr. Der Anfang war eine kleine 
rechtwinklig umzaunte Flachlandsiedlung. Diese 
wurde jedoch bald mit einem Hügelchen aus 
Rasenschollen (ca 30.00; H. 1.20) überdeckt. 
Danach ist das embryonale Kernwarflein stets 
wieder erhöht und erweitert worden bis zur 
heutigen Grösze und Höhe. Die letzte An- 
werftung, offenbar um überflutungsfreies 
Ackerland zu gewinnen, fand um die Wende 
des XII. und XIII. Jahrhunderts statt. Hier war 
es somit möglich die in letzter Instanz durch 
das Meer bedingte Höhenlage, sowohl der 
Sohle des Warfkerns als derjenigen des Warf- 
randes, aus der Zeit etwa 300 vor, resp. ca 
1200 nach Chr., zu bestimmen. Der Unterschied 
von etwa 0.50 — m.E. mehr oder weniger un- 
abhängig von sog. scheinbaren Niveauverände- 
rungen, wie Bodenschrumpfung durch Wasser- 
entziehung, durch Druck und dergl. einerseits, 
durch Fluterhöhung, Wasserstauung efc. an- 
dererseits — ist bezeichnend für die Zwischen- 
zeit von ungefähr 1500 Jahren. Im Mittel somit 
ca 0.03 sekular während dieser Periode, ist 
dieser Faktor, wie ich glaube, ein Masz für 
die bezügliche historische Veränderung, wahr- 
scheinlich für die Hebung des Meeresspiegels, 
wo der Warf ziemlich weit landeinwärts liegt. 
Uebrigens ist bei der Anwendung der Höhen- 
lage der marinen subfossielen Warfsohlen für 
das fragliche Problem, nebst Bodenschrum- 
pfung und dergl., nicht nur auf ihr Kalkgehalt, 
ihre Oxydation, bzw. Podsolierung, ihre Pflan- 
zen- und Tierwelt, oder auch ihre Schichtung 
"zu achten, sondern es bleibt dabei besonders 
die Art dieser Schichtung, und das Verhältnisz 
zwischen dem Ton- und Sandgehalt zu berück- 
sichtigen, wie dieses von VAN STRAATEN 
(1951) getan wird. Erst so sind die scheinbaren 
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Senkungs- oder Hebungsfaktoren auszuschal- 
ten und die wirklichen heraus zu kriegen. 


Wir könnten nun noch die Höhenlage römi- 
scher Kulturschichten, wie solche in Flandern 
oder bei Domburg in Zeeland heranführen, 
aber wir wollen es hierbei belassen. 

Noch bleibt die Frage einer eventuellen 
Periodicität, wie wir sie In vorchristlicher Zeit 
nachwiesen, auch für die historische Periode 
zu prüfen. Zwei Erscheinungen seien dazu von 
archäologischen Gesichtspunkt hervor- 
gehoben. 


Es sind diese: 


(1) In Valkenburg am Alten Rhein, nicht weit 

von seiner Mündung in die Nordsee bei 
Katwijk, werden seit 1941 grosse Ausgrabungen 
veranstaltet. Es handelt sich dabei um einen 
römischen Warf unter dem heutigen Dorf, und 
zwar um einen, der die Ueberreste von sieben, 
zwischen 41 und ca 240 über einander erbauten, 
bzw. benutzten Zweicohorten-kastelle enthält. 
In Bezug auf die Bedeichungsfrage sei hier 
nebenbei bemerkt, dasz der römische Rhein- 
weg der Peutinger Karte, der durch die unter 
Valkenburg liegenden Kastelle führt, unmittel- 
bar auf dem gewachsenem Boden liegt, ohne 
irgend welche Erhöhung, die hier doch wohl 


angebracht wäre. 


aus 


Was die Festungen anbelangt, die dadurch 
allmählig erhöhte Baustelle ist auch nachher in 
Karolingischer Zeit und seit des späteren Mit- 
telalters bis in die Jetztzeit stets wieder über- 
baut worden. Für unseres Problem ist erstens 
nun wichtig die Höhenlage des ältesten Kastel- 
les, ca 0.30 — N.N. Sie entspricht der dortigen 
Oberfläche der damaligen, mehr oder weniger 
vom Süszwasser beeinfluszten marinen Land- 
schaft innerhalb der alten Dünen. Auch in Al- 
phen am Rhein, östlich von Leiden, liegt der 
gewachsene, übrigens weiche tonige Boden, 
unterhalb der dortigen römischen Siedlungs- 
teste, 0.30 — N.N. 

Bemerkenswert ist nun weiter, dasz der 
Rhein die ihm zugewendete Randpartie des 
ganzen römischen Lagerpaketes in Valkenburg 
hat weggerissen. Er hat sie jedoch nachher 
durch eigene Ablagerungen ersetzt, die in karo- 
lingischer Zeit von neuem besiedelt worden 
sind. Es ist hier somit in der Zwischenzeit eine 
Ueberflutung zur Geltung gekommen, und zwar 
zwischen ca 240 und 900 n. Chr. Wo nun 
einige Warfen in Friesland und Groningen sich 
nach ihren Anfangsphasen nicht später als bis 
zur merovinger Zeit entwickelt haben und 
vorher überströmt, bzw. — sei er wenig über- 
schlickt worden sind, scheint es wahrscheinlich 
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dasz die genannte Ueberflutung eine mehr all- 
gemeine Erscheinung ist, die sich besonders 
Ende des vierten Jahrhunderts greifbar macht. 
Dieses wird m.E. erhärtet durch eine Erfahrung 
auf der Geest. 

In der Prov. Drenthe sind mir nl. seit über 
vierzig Jahren Siedlungsspuren in kleinen ver- 
moorten Todeistümpeln bekannt. Sie liegen 
darin zwischen den beiden Sphagneten. Dies 
ist oder war z.B. der Fall bei Gieten, Gasteren, 
Oudemolen und Zeyen, und zwar bei der letz- 
ten Bauernschaft, in der Gemeinde Vries, in 
dem sog. „Bollenveen”. Nicht weit davon ent- 
fernt, auf dem „Noordsche Veld’, wurde nun 
eine befestigte rechteckige Siedlung am Rande 
eines dergleichen Moortümpels, namens „Wit- 
teveen, entdeckt und untersucht (VAN GIF- 
FEN, 1949). Bei den betreffenden Ausgra- 
bungen zeigte sich u.m. Folgendes. Die zuerst 
genannte Siedlung im „Bollenveen” wurde, zu 
urteilen nach der Keramik, aus dem zweiten 
bis vierten Jahrhundert, am Ende des letzten 
Jahrhunderts von jüngerem Moostorf über- 
wachsen. Hinsichtlich der ungefähr gleich- 
altrigen Siedlung am Rande des „Witteveens” 
ergab sich, dasz diese an dessen Seite über- 
flütet gewesen ist. Ueberdies sind die Befes- 
tigungsgräben, welches von H. Tj. WATER- 
BOLK (1950) pollenanalytisch nachgewiesen 
wurde, mit demselben jüngeren Sphagnum- 
torf vermoort, wie dasjenige, welches im „Bol- 
lenveen”' das Hangende der dortigen Kultur- 
schicht bildete. Offenbar haben wir es hier mit 
einer vorübergehenden Steigung des Grund- 
wasserspiegels zu tun, wodurch der heute recht 
niedrige Wasserstand des „Witteveens’ so 
hoch kam, dass nicht nur die am Rande liegen- 
de Siedlung teilweise überflutet wurde, sondern 
auch die Befestigungsgräben an jener Seite 
vermoorten, während im nahe liegenden „Bol- 
lenveen”, das jüngere Sphagnetum sich ent- 
wickelte. Auch an anderen Stellen spüren wir, 
wie schon angedeutet, einen gleichen Vorgang. 
Aber dieses ist nicht allein der Fall, soweit er 
die Bildung des jungen Moostorfs betrifft, 
sondern auch das vorübergehende Ansteigen 
des Wasserspiegels in den Seeen. Bei Emmen, 
ganz im Südosten der Prov. Drenthe, fanden 
wir z.B. am Rande des ehemaligen sog. „Bar- 
germeers” eine teilweise vollkommen vergleich- 
bare, teilweise ältere Kulturschicht, die hier 
Ende des vierten Jahrhunderts überflutet wor- 
den war. 

Alles zusammengenommen kommt es mir 
vor, dasz man es hier zu tun hat mit einer 
spätkaiserzeitlichen Meerestransgression und 
seinen Folgen. Diese zeigen sich einerseits, 


durch Ueberflutung, resp. Ueberschlickung, in 
den Marschen unmittelbar; anderseits, durch 
Grundwasserhebung, bzw. die Bildung des 
jungen Sphagnetum, auf der Geest dagegen 
mittelbar. Zugleich verraten sie so den Ueber- 
gang vom Subboreal in das Subatlantikum, 
wenigstens dessen deutlich nachweisbares 
Sichdurchsetzen um jener Zeit, d.h. Ende des 
vierten nachchristlichen Jahrhunderts. 
(2) Die zweite Erscheinung auf welche zum 
Schlusz noch hingewiesen sei, ist die, in 
diesem Sachverband schon längst und zudem 
wiederholt herangezogene Stufenweise Lage der 
Köge: bei den älteren niedriger, bei den jünge- 
ren höher. Im Wiederspruch nun damit liegen 
jedoch die älteren Meereskögen des Fivel- 
busens in der Prov. Groningen sehr hoch, die 
jüngeren des Dollards in derselben Provinz 
dagegen sehr tief. Die ersten sind aber, im 
Gegensatz zu den letzten sehr sandig. „Klink”, 
d.h. Bodenschrumpfung hat hier offenbar, bei 
der Bildung der betreffenden Unterschiede, die 
Hauptrolle gespielt. Die absolute Höhenlage 
der Fivelbusenköge, bis sogar über I m 
+ N.N., entspricht jedoch auch für die letzte 
Hälfte der historischen Periode, wie die Ezin- 
ger Warfsohle es für die erste Hälfte tut, einer 
höchstens kleinen positieven Niveauverände- 
rung ?. 


ZUSAMMENFASSUNG 


Zusammenfassend entspricht das oben her- 
vorgebrachte m.E. einer, auch nach der sog. 
Litorinasenkung und weit davor, auch während 
der historischen Periode andauernden positi- 
ven Niveauveränderung im Nordseeküstenge- 
biete. Diese wurde in der jungen Bronzezeit 
unterbrochen und verkehrte dann sogar in das 
Gegengesetzte, um danach in der spätrömischen 
Zeit wieder einmal kräftiger hervorzutreten. 

Andere Erscheinungen ausserhalb dieser Ge- 
genden mit in Betracht gezogen, glaube ich 
einerseits eine kleine allgemeine Hebung des 
Meeresspiegels annehmen zu dürfen; ander- 
seits dagegen eine nach Norden abnehmende, 
und dort in ihr Gegenteil sich verkehrende, 
übrigens lokal sehr verschiedene Senkung der 
Nordseeküste, 


® Nebenbei sei hier für ein gegengesetztes Seiten- 
stück der Fivelbusenköge anderswo, noch hinge- 
wiesen auf die berühmte Wikinger Handelsstadt 
Birka in Schweden. Das Emporium mit seinem aus- 
gebreiteten Grabhügelfelde und verlandeten, nach 
den Friesischen Schiffen benannten „Koggenhaven” 
wurde im neunten Jahrhundert verlassen, weil nicht 
mehr zugänglich. Jetzt ist nicht nur der damalige 
Hafen verlandet, sondern liegen auch die damaligen 
Strandlinien mehrere m über dem Wasserspiegel. 
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DISCUSSION 


Prof. Bakker (Amsterdam) would have welcomed 
some additional data, pertinent to the question of 
the height of the sealevel. He mentions Prof. Van 
Giffen’s observations that the former marsh surface 
‘below the base of some dwelling mounds from the 
Roman period may have an altitude of 1 m +N.A.P. 


and that late Merovingian marshes and habitation 
layers at 0.30 m +N.A.P. were covered by marine 
clay towards the end of that period. He also 
mentions that, generally speaking, there are various 
recurrence-surfaces in the raised bogs. 
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RELATIVE SEA-LEVEL CHANGES IN NORTHWEST FRIESLAND 
(NETHERLANDS) SINCE PRE-HISTORIC TIMES 


J. P. BAKKERT 


EXPLORATION METHOD 


In a marsh- and tidal flat region the boundary 
between tidal flat sands and marsh-sediments 
lies in mean high water level (cf. a.o. VAN 
STRAATEN, 1951). Conversely it is possible, 
with due allowance for settling, subsidence of 
the bottom, etc., to determine approximately for 
a polder area the ancient level of mean high 
water by establishing the boundary between the 
tidal flat sediments and the lowest marsh-sedi- 
ments (fig. 1). It requires a great many borings 
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question, so that the mere fieldwork required 
more than 5000 man-days. 


My collaborators J. J. H. C. HOUBOLT, B. 
W. KOLDEWIJN, H. MABESONE and ]. J. WEN- 
SINK constructed maps with contour lines on a 
1:10000 scale of the tidal flat sand surface 
underneath the marsh-sediments with the help 
of the height- and boring-data. For the most 
northern part (Barradeel and the adjoining 
parts of Menaldumadeel, Franekeradeel and 
Harlingen), the interval of the contour lines 
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Fig. 1 — Idealised cross-section of the Waddensea- and marsh environments (with slight alterations after 


VAN STRAATEN). 


to obtain an accurate picture of the relief of this 
boundary plane, each boring-point having to 
be levelled. Such explorations have been car- 
ried out in the province of Friesland in the 
summers between 1946 and 1953 by the phy- 
sical geography students of the Municipal 
University of Amsterdam (fig. 2). The total 
area explored amounts to about 10000 ha 
(about 30000 acres). About 4500 borings were 
made down to a depth of 2-35 m (6.5—12 
feet). This depth was sufficient, reaching down 
to the tidal flat sand under the marsh-sedi- 
ments. The distance between the borings usu- 
ally varied from 75—150 m; a distance of 
300 m being chosen only in a strip of 3 X 
6 km from Dongjum to Tzum (fig. 2). Of each 
boring-point the height was determined. The 
latter especially was rendered time-devouring 
because of the many ditches in the area in 


1 Physical geographical Laboratory, Municipal 
University of Amsterdam. 


amounts to 10 cm; for the region between 
Dongjum and Tzum 20 cm. 

In order to be certain that the “laminated 
complex’ is indeed marsh-sediments, even in 
places where its basis is deep, the texture of 
these sediments was examined by VAN STRAA- 
TEN with the help of a number of Barradeel 
samples. 

The granulometrical investigation of the 
sediments was carried out almost exclusively 
in the Bodemkundig Instituut at Groningen, 
under the direction of the late Dr. S. B. H00G- 
HOUDT and Dr. J. J. VAN DER SPEK. 


THE HOLOCENE SEQUENCE OF THE 
NORTHWESTERN PART OF 
FRIESLAND 


The subsoil 


Numerous borings to a depth of 18.5 m by 
J- J: WENSINK have established, that in the 
Boreal epoch the landscape of north-west 
Friesland was composed of drift sand plateaus 
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Fig. 2 — Investigated area in Northwest Friesland. 


WERFF, together with the fact that Cardium 
edule, Macoma baltica, etc. occur only in small 
specimens (maximum section c. 1.5 cm), point 


alternating with broad, deep valleys. On this 
area, rich in relief, there was formed the late- 
Boreal and early-Atlantic peat now Iying at 
depths varying from 3.5 to c. 15 m — N.A.P.? 
with a thickness of 0.10 to 0.70 m where still 
found. 

Afterwards the sea invaded this region, 
eroding a part of the peat and covering 
the whole landscape with a thick layer of 
fine tidal flat sand (J. J. WENSINK and 
J. P. BAKKER, 1951). The thiskness of this 
tidal flat sand varies from c. 3—6 m on top 
of the old-Holocene plateaus to more than 
15 m the deep channels. Examinations of the 
diatoms of these tidal flat sands, by VAN DER 


2 35-15 m -—NAP. = 35—15 m below Ord- 
nance Datum. 


chiefly to marine-brackish deposite in a 
shallow littoral sea. By pollen-analysis of 
the lower peat deposits (VAN ÄANDEL, 1949; 
VAN DONSELAAR and JONKER, 1952), it has 
been proved that this tidal flat sand sedimen- 
tation started already in the Atlanticum 3. This 
sedimentation ends between about 500 B.C. 
and-4>0 A.D. 


Here we should distinguish, however, be- 


3 In a deep channel at the western border of 
Tzummarum only Boreal peat was found, no Atlan- 
tic peat. On the plateaus the peat is practically 
always Boreal and early-Atlantic (J. P. BAKkEr and 


J. J. Wensınk, 1954). 
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tween the area south of the line Beetgum- 
Dongjum-Wijnaldum-Harlingen, where the 
marsh landscape existed and was inhabited 
already about the beginning of our era, and the 
early Middle Age saltmarsh-landscape of Bar- 
radeel north of this line. 

When considering the subsoil of the areas 
surveyed by us we see that neither the drift 
sand and the deeper-seated pleistocene sedi- 
ments, nor the fine tidal sands poor in clay 
permit substantial settling at practically even 
pressure over the whole surface. Only the 
lower deposits of peat, in so far as it has not 
been eroded before tidal flat sand sedimentation 
started, must have been subject to settling. 
This settling must, however, have take place 
chiefly during the sedimentation of the more 
or less thick tidal flat sand layer and con- 
sequently must have been practically com- 
pleted when marsh-sedimentation began. 


The pre-Roman tidal flat sand surface in the 
older marsh landscape of the Dongjum-Frane- 
ker-Tzum region. 


Archaeological terp (=dwelling mound) finds 
have established, that the settlement in these 
marshes took place in the period of the proto- 
Frisian pottery with geometric ornament (250 
B.C.—50 A.D.), restricting this inhabitation to 
the region south of Franeker, however (fig. 3). 
In the strip between Franeker and Dongjum 
we only know objects from the second and 
third periods of the "Terp-Age’‘, c. 100—300 
A.D. and 450—600 A.D. respectively (BOELES, 
951) (ek. figs 4 and). 


On comparing these data with the map of 


the tidal flat sand surface made by ]J. J. WEN- 


SINK, we find that it is just near Franeker that 
there is a clear boundary in the relief pattern 
of the tidal flat sand surface: 


a. In the region south of Franeker the sur- 
face relief of the tidal flat sand shows the 
following characteristics: 

Channels with a maximum width of 500 
900 m run predominantly north-south. The 
flats between the channels are situated prac- 
tically always at 1.00—1.20 m — N.A.P.; only 
in one place is 0.80 m —N.A.P. reached. The 
deepest parts of the channels, increasing in 
depth towards the south, lie at 1,60-—1,80 m: 
only some points have a greater depth than 
2.00 m —N.A.P. The mounds are situated 
strikingly at the edges of these channels. 

b. In the region between Dongjum and Fra- 
neker the direction east-west predominates 
both in the tidal flat sand ridges and in the 


channels between the flats. The northern edge 
of this ridges complex, traceable from Dong- 
jum to Berlikum in a NE-E direction is 
just visible on HOUBOLT’s and KOLDEWIJN’s 
map appended here. Its maximum height is 
0.600.830 — N.A.P. Between Dongjum and 
Franeker the greatest depth of the channels 
running about east-west there, is about 1.40 


—N.A.P. 


Considering the terps from Dongjum to Ber- 
likum, we find their pattern to be quite dif- 
ferent from those between Franeker and Tzum. 
Between Dongjum and Berlikum they lie on a 
“Kwelder”, which in its turn was deposited on 
a tidal flat sand bar, thrown up near the mean 
high water level * 


The post-Roman tidal flat sand surface of 
Barradeel 


History repeats itself. North of Dongjum 
we find a relief picture in the tidal flat sand 
surface, which, with omission of the details, 
bears much resemblance to that between Dong- 
jum and Tzum, viz. a ridges complex near the 
Oude Zeedijk (Old Seadike) runs parallel to 
the present coast and which, at least for the 
greater part, drains to the south. This is not 
only the case in the map of East Barradeel 
appended here, but also in the western part of 
Barradeel investigated by H. MABESONE. Thus 
the ridge in the tidal flat sand runs from Min- 
nertsga to south of Pietersbierum at a height 
of 0—0.30 m — N.A.P. The plateaus between 
the channels running north-south have pre- 


dominantly a height of 0.50—0.80 m — N.A.P. 


The age and the thickness of the marsh- 
sediments in Barradeel 


We have already seen that north of the line 
Berlikum-Dongjum there are to be found no 
remains of settlements either of the Roman 
period (starting c. 100 A.D.) or of the Anglo- 
Saxon periods (450—600 A.D.). 


Observations by VAN GIFFEN of the Haits- 
ma-terp near Minnertsga and by HALBERTSMA 
in the most western terp of Tzummarum (the 
cldest ones of the eastern part of Barradeel) 
have established that about 700 A.D. (late- 
Merovingian period) the population was living 
there on the level plain in 0.30 m above Ord- 


+ The word 'kwelder-ridge' used by EDpELMan 
(1950) and Vernengos (1949) is misleading, as, 
wherever there is question of a ridge, the latter 
existed already in the tidal flat sand. 


5 The small channels to the north were caused 
by later dike-breaches. 
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Fig. 5 — Sites of early Anglo-Saxon pottery 
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nance Datum. Thus without previous artificial 
raising of the saltmarsh-surface ®. 

From the fact that Barradeel was not yet 
inhabited in the Anglo-Saxon period we might 
deduce that the marsh-sediments were either 
still lacking there or were not yet high enough 
to permit permanent inhabitation. If this is 
assumed it would mean that “the kwelder” 
(marsh) of Barradeel must have grown either 
for the greater part or wholly between c. 450 
and 700 A.D. This again would imply that the 
highest parts of the tidal flat sand in this region 
(at present 00.10 m — N.A.P.) were formed 
about 450 A.D. A great deal of the marsh 
sediments of Barradeel is covered by the late- 
Middle Age cover sediments?, which reach a 
maximum height of c. 1,60 m + N.A.P. north 
of Firdgum (fig. 10). 

Under the late-Middle Age cover the marsh 
sediments reach a height of 0.20—0.50 m 
+ N.A.P. Here, however, we should take into 
account that the topsediments of the kwelder 
are higher and partly younger than the habi- 
tation layer from about 700 A.D. and on the 
other hand, that the great floodings of about 
1200—1400 A.D. by which the late-Middle 
Age cover sediment was deposited, destroyed 
both the vegetation layer® and the upper part 
of the marsh sediments. Elsewhere too this 
younger marsh sediment has lost material be- 
cause of abrasion. 


The basis height of the terps from about 700 
A.D. proves, that the thickness of these old 
marsh sediments over the tidal flat sand pla- 
teaus is only 0,70 m now. So much thinner 
than at Tzum, where the basis height of 1 m 
above Ordnance Datum of terps such as ‘de 
Parel (“the Pearl”), quite apart from the 
channel depth, implies a maximum kwelder 
thickness of about 2 m®. As the kwelder thick- 


6 In this connexion attention should be drawn 
to the important observations by VAN GirFFEN be- 
tween Bedum and Onderdendam in the province of 
Groningen, where he established that in Merovingian 
times people lived on the marsh sediment without 
previous heightening. The height of the 'kwelder' 
underneath the habitation layer there is c. 0.30 m 
+ N.A.P. The habitation layer itself is only 5—10 
cm thick, but was covered at the end of Merovingian 
time by 'sticky clay', now 35 cm thick, (Van Gir- 
FEN, 1926, p. 9 and 17). 

? Underneath the late-Middle Age cover of the 
Chapel-terp, West of Tzummarum, KoıpEwijN found 
a remain, 5 cm thick, of the vegetation layer of the 
old marsh in about 0.20 m above Ordnance Datum. 

® In a number of borings in the Tzum region Dr. 


VEENENBOS established a kwelder thickness of about 
1.20 m (oral communication). 


ness increases towards the south, the basis 
height of the terps used by VAN GIFFEN (1910, 
1926), is an insufficiently accurate means for 
establishing the relative changes in the sea- 
level, quite apart from settling of the subsoil 
and differences in basis height. 


THE AMOUNT OF THE PREHISTORIC 
AND HISTORICAL RELATIVE AND 
EUSTATIC SEA-LEVEL RISE 


General statement 

The base of the terp ‘de Parel’ at Tzum 
could be roughly dated by VAN GIFFEN (1926) 
with the help of proto-Frisian geometrically 
decorated pottery sherds. Putting the period of 
this pottery between 250 B.C. and 50 A.D,, 
we can take the average date of this pottery 
to have been c. 100 B.C. If we assume further 
that the growth of a kwelder thickness of c. 
1.2—2 meters must have required at least 3 to 
400 years, the boundary plane between the tidal 
flat sediments and the marsh sediments at 
Tzum must have arisen c. 400—500 B.C. 'The 
difference in height between this boundary 
plane at Tzum and in North Barradeel amounts 
to c. 1.00 m (fig. 6); the difference in time 
probably to 900 to 1000 years. This implies, 
that local relative rise of the mean high water 
level during the period between c. 500 B.C. 
and c. 450 A.D. is on an average 10 cm /cen- 
tury. This amount tallies strikingly with the 
positive level change assumed by TESCH 9 (10 
cm/ century during the last 2000 years; 1947, 
pp. 10—129) and is considerably larger than 
VAN GIFFEN’s one (4 cm/century between 
300 B.C. and 1200 A.D.). 

In the small not yet permanently reclaimed 
kwelders at Dijkshoek and north of Nieuwe 
Bildtzijl the boundary between tidal flat sands 
and marsh sediments is ac. Ilm +N..P. 
The maximum height of the tidal flat sand 
surface from about 400 A.D. in North Barra- 
deel is 0—0,20 m —N.A.P. So, this implies 
that in the last 1500 years the mean high water 
level has risen about 1.00—1.20 m, amounting 
to a mean local relative rise of the sea-level of 
about 7—8 cm/century. As may be assumed 
to be known UMBGROVE (1947, p. 231) con- 
cludes that the relative rise of the Netherlands 


® I don't agree with TescH’ remark (1947, p. 11): 
"We know with a fair measure of probability that 
the people of these northern clay lands built their 
settlements on a tidal flat surface, which because 
of the previous temporary drop of the sea-level was 
not again accessible to the mean high water.” It 
should be noted here, that as far as known terps 
have always been built on the kwelder and never 
on the tidal flat sand surface. 


may have amounted to approximately 2 metres 
since A.D. 850 (fig.-7). For a correct judgment 
of these data we should, however, include 
three groups of phenomena in our examination: 


(1) The average subsidence of the bottom 


UMBGROVE (1947, p. 232) assumes for this 
15 cm / century between 2000 B.C. and c. 850 
A.D.; KUENEN (1945) 5 cm/ century, TESCH 
(1947, p. 7, 10) a maximum amount for the 
Netherlands of 4 cm/ century, which, how- 
ever, is less for Groningen. Elsewhere (p. 7) 
this author suggests an amount of 2 cm/ cen- 
tury. 

The data used by UMBGROVE for his hypo- 
thesis have been outdated by facts transpired 
since, and are certainly not applicable to the 
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subboreal. So, I cannot agree with VROMAN’S 
opninion (1952, p. 257), that the whole period 
between the end of the Atlanticum and the be- 
ginning of the Subatlanticum was characterised 
by an important relative fall of the sea-level 

The fact that the subsoil of northwest Fries- 
land is to a fairly large depth built up of tidal 
flat sand, admits of only one conclusion: that 
in that region a slow relative rise of the sea- 
level has taken place during a great part or the 
whole of the Subboreal epoch !%. Besides, our 
new data of the tidal flat sand surface between 
Tzum and the present Wadden Sea at Barra- 
deel suggest exclusively the conclusion that the 
subsidence average for our region assumed by 
UMBGROVE must be too large. For UMBGROVE 
assumes an oscillating slight eustatic sea-level 
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Fig. 6 — Three cross-sections through the tidal flatsand surface of Northwest Friesland. 


conditions in northwest Friesland. For the 
Subboreal epoch this author assumes a world- 
wide fall of the sea-level of at least 6 metres, 
combined with a subsidence of the bottom of 
15 cm / century. These together yield a relative 
land rise during the Subboreal epoch and the 
beginning of the Subatlantic epoch, rendering 
peat-grow possible in the Netherlands. In the 
northwestern past of the province Friesland, 
on the other hand, we find something quite 
different 

In this region our sedimentological investiga- 
tions and the age of the lower peat on the 
boreal driftsand plateaus seem to indicate, that 
the tidal flat sand between 3m — N.A.P. and 
0,6 m —N.A.P. can be practically classed as 


subrise for the period between 200—300 A.D. 
and the present, which was to change into a 
relative rise c. 850 (see fig. 7). In the first place 
it appears from the increase in height of the 
tidal flat sand surface of Tzum towards the 
north that the rise of the mean high water level 
probably already starting before the beginning 
of the subboreal epoch, must have continued 
between c. 500 B.C. and the present. 

Putting the average value of the real local 
relative rise of the mean high water level of 
northwest Friesland in a diagram (fig. 8), 


10 In the mean time the Subboreal Cardium trans- 
gression has been found elsewhere too by BENNEMA, 
WicGERs, ZWILLENBERG and HENDRIKS (1954). 
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however, (leaving out for the present oscilla- 
tions), and combining this with a subsidence 
of the bottom of 15 and 18 cm/ century 
respectively, we can immediately deduce from 
curve U that between c. 850 A.D. and the 
present a rather substantial eustatic fall must 
have occurred, quite contrary to the slight 
eustatic rise of the sea-level assumed by 
UMBGROVE. If we do the same with the sub- 
sidence average of 2 cm/century suggested 
by TESCH and the subsidence average assumed 
by KUENEN of 5 cm / century we get the curves 
T and K. From these it appears that for the 
period between «. 500 B.C. and the present, 
and consegıently also for the period between 
c. 850 R.C. and the present, a local eustatic rise 
of the sea-level must have taken place, which 
does seem more probable. 


decreased for the mere region of northwest 
Friesland. Another decrease in storage followed 
when between about 450 and 700 A.D. the 
coast line again moved further north about as 
far as its present position. Assuming that thc 
average flow of tidal water through the tidal 
inlets between the Wadden islands (Texel, 
Vlieland, Terschelling, etc.) remained practi- 
cally te same, the loss of space for water 
storage and the decreased concavity of the 
coast line by themselves must have resulted 
in a local rise of the sea-level. Conversely, the 
extension of the Wadden Sea — Zuider Sea, 
Old Frisian Middle Sea, Lauwers Sea en Dol- 
lart in the later Middle Ages has increased the 
storage again. In this connexion it is note- 
worthy that, as we have seen above, the 
average relative rise of the mean high water 
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Fig. 7 — Tentative curves for the movement of sea-level and subsidence of the bottom (after UMBGRoVvE). 


(2) The influence of the decrease of the 
Wadden Sea area on the local rise of the 
sea-level. 


During investigations by J. J. WENSINK of 
the early-holocene relief of Westergoo between 
Tzum and Bolsward it was also proved that 
the average tidal flat sand surface declines 
only slowly towards the south. A little north of 
Bolsward it is still found at a depth of c. 3 m 
— N.A.P. The location of the peat proves that 
the Subboreal Wadden Sea dit not extend much 
further south than Sneek. About 100 A.D. the 
coast line of the Wadden Sea lay, however, 
already at Beetgum-Dongjum-Wijnaldum. This 
implies that the space and the volume available 
for the storage of seawater had considerably 


level between c. 450 A.D. and the present 
amounts to 8 cm/ century and between c. 500 
B.C. and c. 450 A.D. to about 10 cm / century. 
The possibility suggests itself that this dif- 
ference of 2 cm/ century is due to the increase 
of storage of the Wadden Sea, etc. in the later 
Middle Ages. In the absence of more exact 
computations the effect of this difference in 
storage on the local sea-level of the Wadden 
Sea can only be estimated. Bearing in mind 
besides the effect of the damming up of tidal 
water in the bight of Heligoland on our Wad- 
den Sea and some settling of the subsoil, it 
would not seem grossly incorrect to assume 
that the real eustatic sea-level rise has averaged 
about 3—6 cm/ century in the last 2500 years. 


(3) Did the sea-level rise proceed with peri- 
odical oscillations? 


There are many indications that this question 
should be antwered in the affirmative: 


(a) The profile of the Makkumerwaard pub- 
lished by VROMAN (1952), quite apart 
from differences in the interpretation, points to 
alternation of regression and transgression of 
the sea in the late-Atlantic and Subboreal 
epoch (fig. 9). 
(b) In the tidal flat sand underneath the marsh 
landscape of Barradeel VAN DER \WWERFF 
established an alternation of horizons with 
more brackish to freshwater diatoms and hori- 
zons with.more marine ones. 
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sea-level must be closely related with 
another group of phenomena, namely the 
occurrence of considerable differences in 
flooding-frequencies in early historic and his- 
toric times. For Groningen and Friesland Mrs. 
BOSMAN-DE GROOT has established with the 
help of a great number of chronicles that 
between c. 600-—7% A.D. and c. 900—1135 
A.D. the frequency of floodings seems to have 
been much less than in the intervening period. 
It is remarkable that in the former of these 
periods the population both in the province of 
Groningen near Onderdendam and in Barra- 
deel lived on the kwelder without heightening 
it (see above), while at the end of the Mero- 
vingian c.g. in the Carolingian period there 
followed inundations, which in our Groningen 
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Fig. 8 — Local relative rise of mean high water level as compared with bottom subsidence 
curves by different authors. For further ex planation see text. 


(c) An eustatic rise of the sea-level of about 
36 cm/century in the last 2500 years 
is considerably less than that occuring since 
about 1870-1885 (11—12 cm/ century ac- 
cording to GUTENBERG; 12—14 cm century 
according to KUENEN, 1945, 10—15 cm/ cen- 
“tury according to VAN VEEN, 1937). This 
implies that periods with greater eustatic rise 
have alternated with periods with a slighter 
rise (c.g. with slight falls). 
(d) Oscillations in the relative rise of the 


case occasioned the depositing of a sticky 
clay cover. In Barradeel the.top of the marsh 
sediments in the vicinity of the Haitsmaterp 
(Minnertsga) is 20 cm higher than the base 
of the terp from about 700 A.D. (VAN GIF- 
FEN). So, these topsediments of the kwelder 
are younger than about 700 A.D. and older 
than the late Middle Age cover. A cemetery 
of c. %0 A.D. at Zwaardeburen (between 
Tzummarum and Minnertsga, investigated by 
HALBERTSMA, had already been considerably 
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heightened and in the flood of 806 A.D. Min- 
nertsga is mentioned by name „ie 

The fact that Friesland was again better 
habitable between 950 and about 1135—1200 
A.D. is already pointed out by several authors 


In connection with the differences in the 
frequency of floodings it is of importance to 
draw the attention to an interesing investiga- 
tion by VAN VEEN. As we know there is from 
c. 1500-1700 A.D. a period of slight frequency 


/00 200% 0 100% 0 100% 0 0% 
o 20 40 60 820 100% 0 100 2doX 0 100% 0 100% 0 100% 
200 ae 
w 
& 
r 3 
MAKKUMERWAARD | # | 3 1alsj&l | ER, 
u = wIz/a|ln KEN 
,) SS " ERS 
IV) ı&| zIu 
$ < |S|S]8] 8 SSgE 
S N er zi2 
< | & J&|&| SS] ]888 
= u 5 |81 0/0] 8] S [sa 
— 254% 
mern: 7 


350 - 


400 


450 


I SAND 


[ITIIID Arasvres Fear 
ERIOPHORUM PEAT 


EI] a0 SPHAGNUM PEAT -—- CoRyLUS 


Fe] SCHEUCHZERIA PEAT 
—OI- ALNUS 


—H- QAUERCETUM 


u 


—B- SALIX 
-—O- BETULA I PICEA 
A ARE —8- PINUS  B- CARPINUS 
-0- ACER —- FAGUS 


Fig. 9 — Profile of the Makkumer polder (after Vroman). The tidal flat sand under- 
neath and on the peat indicates alternation of transgression and regression of the sea. 


(cf. BAKKER, 1953). T’hus, it is probable, that 
the topsediments of the kwelder of Barradeel, 
in so far as they are higher than the habitation 
layers of about 700 A.D. have been chiefly 
deposited in the 9th century. 


11 There are several indications that, in spite of 
many incredible items in some chronicles, and the 
fact that the authors have often copied each other, 
yet the dating of the storm tides especially is more 
realitic than the radical-historical criticism of about 
1900 was disposed to believe (cf. Baxker, 1953). 


and vehemence .of storm tides, with indications 
of slightly lower water levels. In the course of 
the 18th century (till the present) there is 
again a greater vehemence of the floodings 
and a relative rise of the sea-level (BAKKER, 
1953). As proved by investigations by VAN 
VEEN (1937) about the directions of the wind 
at Amsterdam since 1700, this change was 
accompanied by a change in frequency of wind 
directions: the south-southwesterly and nor- 
thern winds gaining in importance, This points 
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to a very close relation of the difference in 
storm-tide frequencies and the differences in 
depression courses and consequently with the 
direction of the winds. 

For the Wadden Sea increased storm-tide 
frequency combined with a greater influence 
of north-northwesterly winds amounts to a 
longer or shorter period of increased damming 
up of water and relative rise of the local mean 
high water level. This factor is of at least as 
great, if not of greater importance for the 
sedimentation than differences in the eustatic 
rise of the sea-level which will, however, 
have been of importance too (see e.g. KUE- 
NEN, 1945). 


(e) The relief of the kwelder basis. — VAN 

STRAATEN has pointed out that at a short 
distance the kwelder base must lie horizontally. 
This conception is not quite correct. Various 
factors may cause differences in height at short 
distance of 0.40—0.50 m of the kwelder !? base 
without immediately suggesting a rise or fall 
of the sea-level. In Barradeel, however, in- 
vestigations eg. by VAN STRAATEN have 
established that the difference in height at short 
distances of the kwelder base amounts to c. 
1 m, the same value appearing to obtain for 
Tzum. This induced VAN STRAATEN to pro- 
pound the hypothesis in a lecture for the Phy- 
sical-Geögraphy students of the Amsterdam 
Municipal University that first the higher tidal 
flats were covered by a kwelder, after which 
a slight sea-level fall of c. 50 cm resulted in 
the formation of a marsh sediment on the low 
flats, too, which originally lay under the mean 
high water level. 

There are indications that probably this 
hypothesis is correct. In this connection we may 
recall the fact, that the kwelder of Barradeel 
was formed between c. 450 and 700 A.D. The 
completely safe habitability without previous 
heightening on the yet not very thick kwelder 
of Barradeel might point to a slight local rela- 
tive fall of the sea-level not too long before 
700 A.D., one of the causes being the decline 
in frequenc of storm tides. 


(£) The northern part of the Barradeel kwelder 

is topped by the late-Middle Age cover 
(fig.10). The dating is to be concluded both from 
the presence of late Frisian terpen-pottery, 
old Frisian bricks, unglazed greyish pottery 
(Jacoba pottery), etc., and from the data of 


12 Observations by D. N. Eccınk in Terschelling 
and by Danish explorers in West Jutland (oral 
communication by professor NıeLs NIELSEN, Copen- 
hagen). 


Sybrandus Leo’s Vitae abbatum (WUMKES, 
1929). So this cover was formed chiefly be- 
tween c. 1200 and 1400 and its time of origin 
coincides strikingly with the period of higher 
frequency of storm tides between c. 1135 and 
1500 A.D. The granulometrical texture of this 
cover varies from c. 5% to 25% < 0.016 mm. 
According to VAN STRAATEN the texture of 
this cover sediment differs largely from the 
normal laminated marsh sedimentation. This 
too proves that during storm tides this material 
was forcefully flung on to the existing kwelder, 
part of which was destroyed by erosion. As 
has been proved by the research of Mrs. J. VAN 
TELLINGEN-LAPERE the very sandy parts espe- 
cially of this cover sediment show a great 
similarity with the finest tidal flat sands and 
are extremely well sorted. These are the best 
sorted sands known so far. J. VOGT examined 
the distribution of the CaCO, percentage of 
the late Middle Age cover, which resulted in 
the very surprising discovery that the isocal- 
ciobathes-picture is most closely related with 
dike breaches. 


(g) The dating of the Barradeel marsh land 

and the already mentioned archaeological 
data imply that the ridge in the tidal flat sand 
near the old seadike must have been finally 
formed about 300—400 A.D. This is the well- 
known period of important relative sea-level 
rise, established elsewhere in the Netherlands 
through investigations by VAN LIERE (1948), 
VAN GIFFEN (cf e.g. 1946) and TUINSTRA 
(1951). 

For the dating of the ridge in the tidal flat 
sand between Dongjum and Berlikum we have 
following starting-points: 

l. the oldest inhabitation and artificial 
heightening of the second "Terp Age” on the 
marsh of the Franeker region dates from c. 


100 A.D. 


2. The kwelder thickness underneath the 
habitation layer is about the same as in Barra- 
deel. Taking, just as at Barradeel, a period of 
c. 250 years for the growth of the kwelder, 
this might point to the formation of the ridge 
in the tidal flat‘ sand at Dongjum c. 200—100 
B.C. probably during a stronger local relative 
tise of the sea-level. 


SUMMARY 
From our morphogenetic and sedimentolo- 
gical investigations in Northwest Friesland 
for the period between c. 500 B.C. and 1500 
A.D. it appears that the mean local relative 
sea-level rise between c. 500 B.C. and 450 A.D. 
amounts to 10 cm/century and that between 
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STRATIGRAPHICAL OUTLINE 


Introduction 


On the southern side of the North Sea Canal 
at Velzen (N.H.) a large excavation has been 
opened recently for the building of a tunnel 
below this crowded waterway. The Holocene 
and Pleistocene strata which are cut through 
can be studied in great detail and over con- 
siderable distances. A summarizing picture of 
the Holocene deposits is given in fig. 1. 

The NW and NE sections of fig. 1 are based 
on data from several minor exposures in the 
corners of the excavation and are located 
roughly at the site of the future southern bor- 
der of the canal. Their mutual distance is 70 
to 120 m. The SW section is taken from the 
corresponding corner of the pit, in its ex- 
tension of February 1954, about 400 m south 
from the NW section. The W section is 
situated about halfway between these latter 
places. 

The bulk of the Holocene is developed as 
marine deposits. Their base is formed by a 
thin layer of peat: the Lower Peat, which rests 
in its turn on sands of Pleistocene and probably 
early Holocene age. 


Hydrobia clay 


During the Atlantic rise of the sea the Lower 
Peat was inundated and became covered by a 
layer of finely bedded clay, which shows a 
great profusion of Hydrobia shells. The sedi- 
ment structure points to deposition under a 
permanent cover of water, i.e. below the low 
tide level. Tidal movements were probably 
very weak and the environment was, most 
likely, of the character of a brackish-water 
lagoon. Quantitative analyses of the mollusc 


1 Geologisch Instituut der Rijksuniversiteit te Gro- 
ningen. The present study was aided by grants 
from the Netherlands Organization for Pure Re- 


search (Z.W.O.) 


material show a gradual transition from only 
slightly brackish water conditions at the base 
to more normal marine conditions at the top. 
The change in malacological composition is 
accompanied by an increase of the total sand 
content, from practically nil in the first few 
inches to considerable amounts in the upper 
parts. The grain sizes of this sand increase in 
the same sense. 

The maximum thickness of the Hydrobia- 
clay in the excavation is about 1.5 m. Before 
it was affected by compaction and later 
erosion, this thickness must have been much 
greater. The rise of sea level resulted in a 
landward shifting of the lagoon shores, a better 
communication being established at the same 
time between this basin and the North Sea. It 
seems probable that, in this manner, the lagoon 
changed more or less gradually into a tidal 
flat area. Of the intermediate stages, however, 
nothing is left. The sediments, formed in this 
period, were removed by erosion in deep 
channels, which were scoured out during the 
subsequent tidal flat conditions. The contact 
of the Hydrobia-clay with the beds immediately 
above corresponds to a stratigraphical hiatus 
of at least a few thousand years. 

Older tidal flat series 

As has been stated in former papers (VAN 
STRAATEN, 1952, 1954), the deposits of salt 
marshes, high parts of tidal flats, low parts of 
tidal flats and channel floors are characterized 
by the predominance of special kinds of sedi- 
ment structure. All of these types are en- 
countered in the tidal flat series which covers 
the Hydrobia-clay in the SW section: channel 
floor deposits (s.l., those wich are formed 
below the low tide level) from 14.07 m 
_N.A.P.2 to about 7.00 m —N.A.P., low flats 
from this level to about 5.25 m —N.A.P., high 
flats between 5.25 and 3.25 m —N.A.P. and 
marshes from 3.25 to 255 m —N.A.P. 


Beach plain stage 
The marsh deposits of the SW section are 
overlain by about 1 m of sands with inter- 


2 Ordnance Datum. 
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calated bands of peaty clay. The latter contain 
many fresh water gastropods, the sands on the 
other hand showing fine detritus of North Sea 
shells (mainly Spisula subtruncata). It is sup- 
posed that the sands were supplied by rare, 
but violent storm surges and that they were 
derived from the North Sea beach. The peaty 


be noted that the use of the term tidal flats in 
connection with these deposits does not imply 
that the environment of formation has neces- 
sarily occupied a large area like that of the 
actual Wadden Sea. The same sedimentary 
facies is found in deposits of more or less 
narrow estuaries. In the present case it is very 
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Fig. 1 — SW section: 0.00—0.25 m young dune sands; 0.25—0.60 m upper peaty clay; 0.60—1.65 m 
dune sands, deposited in water; 1.65—2.55 m deposits of "Beach plain stage”; 2.55—14.07 m older tidal 
flat series: 2.55—3.25 m marsh clays; 3.25—ca. 5.25 m high flat deposits; ca. 5.25—ca. 7.00 m low flat 
deposits; ca. 7.00—14.07 m channel floor deposits; 14.07—15.45 m Hydrobia-clay; 15.45—15.57 m Lower 
Peat; 15.57 m — underlying sands. 

W section: — 13.90 m channel floor deposits of younger tidal flat (estuarine) series; 13.90—15.17 m Hy- 
drobia-clay; 15.17—15.29 Lower Peat; 15.29 m — underlying sands. 

NW section: 1.20—1.30 m upper peaty clay; 1.30—3.10 m dune sands, deposited in water; 3.10—14.75 m 
younger tidal flat series; 14.75—16.10 m Hydrobia-clay; 16.10 m — underlying sands. 

NE section: 1.00—1.40 m upper peaty clay; 1.40—2.50 m dune sands, deposited in water; 2.50—3.00 m 
lower peaty clay; 3.00—14.75 m younger tidal flat series; 14.75—16.00 m. Hydrobia-clay; 16.00—16.20 m 
Lower Peat; 16.20 m — underlying sands. 


N.B. The ages in this figure refer partly to average values. 


clays must have been formed in swampy ponds 
wich developed in the intervening periods of 
normal weather conditions. 


likely that the environment was of this latter 
nature. 


The beds show, in the greater part of the 
excavation, a pronounced inclination towards 
the WSW, with angles of about 4°. They 
have been formed on the prograding banks of 
a large meander. The sediment structures of 


Young tidal flat series 


The whole sequence of strata, described 
above, is in erosive contact with a younger 
series of tidal flat character (fig. 1). It should 


the younger series permits the discrimination 
of the channel £loor-, the low flat- and the 
high flat-subfacies. Marsh deposits are lacking. 
Instead, sands and peaty clays are found, which 
originated mainly in fresh water lakes. These 
same sediments cover the deposits of the beach 
plain stage in the SW section. The organic 
material of the peaty clay is in all probability 
largely derived by erosion from the surrounding 
bog lands. The sands show, at least in the 
N part of the pit, a deltaic lamination with 
inclinations towards the east, They have 
presumably been supplied by westerly winds 
(lacustrine delta of aeolian origin). Apparent- 
ly, the mouth of the estuary was blocked, at 
a given moment, by the closing of the North 
Sea shoreline and a relic lake was formed in 
the remaining depression. 


SIGNIFICANCE OF DATA CONCERNING 
SEA LEVEL CHANGES 


Introduction 


For the reconstruction of the relative 
movements of sea level two sets of data are, 
of course, required: age determinations and 
determinations of the corresponding sea levels. 
It will be seen in the following that the geolo- 
gical data, pertaining to the positions of sea 
level, are in general less exact than the physi- 
cal data concerning their age. The results of 
this investigation, therefore, still leave room 
for widely diverging interpretations. 


Significance of age determinations 


It lies outside the competency of the author 
to discuss the possible errors inherent in the 
radiocarbon analysis itself. The error limits, 
given- in this paper, are computed, according 
to general use, for a probability of 70 %, im- 
plying that there is a probability of 30 %, that 
the real values differ still more, and a pro- 
bability of 5% that they differ twice as much 
from the measured values. 

It is requisite, of course, to uüse only 
autochthonous material, both for the dating 
of peat beds and of mollusc shells. In the case 
of the shells the autochthonous character often 
follows from their presence in the position of 
growth. This does not prove, however, that 
the shells and the surrounding sediment are of 
the same age. Bivalves may have grown in the 
sediment long after this latter was formed. 

Other errors may arise from the possibility 
that the CO, of dated mollusc shells has been 
in exchange with "older or "younger” CO, of 
the ground water, circulating in the deposits. 
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Significance of determinations of ancient 
sea levels 


Uncertainties in reconstructing former sea 
levels are due to the effects of compaction, 
local drainage, creep etc., to errors in the in- 
terpretation of the depth of deposition and to 
the possibility of changes of the tidal range. 

The influence of compaction is most 
difficult to evaluate. The original pore space 
and water content of the deposit, at the time 
of its formation, can only be guessed. 'T'he 
relation between compaction and the rate of 
deposition is also a matter of conjecture. A 
layer of 1 m thickness may originally have 
been much thicker, if the velocity of sedimen- 
tation was high, and, on the other hand, it may 
have been only slightly thicker if deposition 
was slow and compaction of the lower parts 


Fig. 2 — Example of curves used for estimating 
compaction percentages: the assumed course of the 
compaction of the Lower Peat, with a thickness at 
the present day (7150 years after its inundation by 
sea water) of 20 cm. 

A, B and C: supposed ' maximum, most probable and 


minimum compactions; D: mean essential thickness 
of sediment (in present state of compaction), cover- 
ing Lower Peat. 


had started long before the sedimentation of 
the upper parts. Finally, insufficient knowledge 
is available about compaction over long 
periods, of several thousands of years. The 
figures, used in this paper, are based therefore, 
more on estimates than on precise, quantitative 
data (c#. fig. 2). 

The information regarding the level of 
sedimentation, relatively to mean sea 
level, is often very poor, especially in the cases 
of peat beds and of channel floor deposits. 

When the depth of deposition can be related 
only to the level of mean low tide, or to that 
of mean high tide, another difficulty exists 
becausethe range of the tides may 


250 


have varied in the course of time. Even if the 
tidal range would be known, a small error may 
be caused by the circumstance that the half 
tide level does not necessarily correspond to 
mean sea level. Along the present Dutch coast 
the two differ from 8 to 18 cm. 

In the case of large excavations, with steep 
sides, like the one at Velzen, one should 
reckon with the possibility that the position of 
the strata, exposed in the walls, has been in- 
fluenced by creep, by draining and by the 
washing out of material in the water which is 
pumped away at the base. 


THE DATA 


General statement 


The assumed values for compaction, depth 
of deposition, tidal range etc., are expressed 
in sets of three figures. The first ones give the 
supposed minimum values, the figures in the 
middle those which are considered more (most) 
probable, and the last ones those which are 
supposed to be the maximum values. Percen- 
tages of compaction refer to the thicknesses at 
the time under consideration, not (necessarily) 
to the original thicknesses of the deposits. 
Compaction of the sediments underlying the 
Lower Peat is supposed to be negligible. Clay 
is mentioned as k, sandy clay as kkz, clayey 
sand as kz, slightly clayey sand as zkz, sand 
as z, shell beds as S. All depths are related to 
the Dutch Ordnance Datum: N.A.P. 


(a) The inundation of the Lower Peat by the 
waters of the Hydrobia lagoon 

Site of observations: NE corner of excava- 
tion: 1.00—16.00 m covering beds; 16.00— 
16.20 m Lower Peat. 

Compaction of peat: 75—85— 0% = 60— 
113—180 cm. Erosion of top part of peat at 
time of inundation: 20 cm. Tidal range 0—30— 
100 cm. Half tide level 15.70—14.82—14.00 m. 

Comments: age. — The following relevant 
Carbon-14 datings have been carried out. 


(1) Shell pairs: of Cardium edule (var. palu- 
dosa) from top part of Hydrobia-clay, 
W section, at 14.05 m: 7485 + 150 years; 

(2) Shell pairs of Cardium edule (var. palu- 
dosa), second sample from exactly the 
same locality, at 14.10 m: 7195 + 230 
years; 

(3) Shell pairs of Cardium edule (var. palu- 
dosa) from top part of Hydrobia-clay, 
SW section, at 14.20 m: 7240 = 240 
years; 

(4) Shell pairs of Cardium edule (var. palu- 


dosa) from base of Hydrobia-clay, NW 
section, at 15.75 m: 6905 = 200 years; 

(5) Piece of wood (probably Alnus), lying 
horizontally in peat of NE section, about 
5 cm below top: 7200 = 200 years. 


It seems somewhat strange that the "most 
probable” values for the ages of the samples 
from the upper layers of the Hydrobia-clay are 
greater than those of the top part of the peat 
and of the shells from the base of the clay. On 
account of the geological data it must be con- 
cluded that the period of deposition of the (pre- 
served part of the) Hydrobia-clay was at least 
some 200 years. The apparent discrepancy has 
probably to be explained as being due to the 
possible errors of the age determinations. These 
are just sufficient to give the interval of 200 
years. It is true that many of the dated bivalves 
of Cardium edule were in an inclined or even 
horizontal position, presumably as the result 
of transport by waves or currents. The shells 
may therefore be of greater age than the 
sediment in which they are embedded. This 
difference in age can, however, be only small, 
since the valves become easily unhinged during 
transportation, the more so when the ligaments 
have been subject to decay for longer periods 
of burial in the original deposits, after the 
death of the organisms. Moreover, the effect 
of currents can hardly have been very im- 
portant in this lagoonal environment. 

From the age determinations, given above, 
it is concluded that the (marine) inundation 
of the Lower Peat took place at a time of 
7150 = 150 years ago. 

Erosion of top part of peat. — In most 
places in the NE corner, the peat is immediate- 
ly overlain by thin shell beds. A gradual 
transition, like that found in the NW section, 
from peat or very peaty clay, without any lime 
content, to a shell bearing clay with only minor 
amounts of humic substance, is lacking. It is, 
therefore, inferred that the inundation of the 
peat was accompanied by some erosion. 

Tidal range. — It is supposed that the end 
of the peat growth coincided roughly with the 
passing of the high tide line over this locality. 
(b) The Hydrobia-clay 

The insufficient exactness of the available 
age determinations does not permit the use of 
the separate datings for the reconstruction of 
the movements of sea level during the deposi- 
tion of the Aydrobia-clay. All that can be 
gathered from these data is that the sediment 


must have been formed in a comparatively 
short time. 


(c) The laminated clays of the older tidal flat 
series in the SW- section 


Dated material: Shell pairs of Scrobicularia 
plana in the living position, at 6.40 m. Level 
of sediment forming surface at time of shell 
growth: 6.25 m. Age (average of two samples 
from the same locality, one of 3850 = 150 
years, the other of 4095 = 190 years): 3970 = 
150 years. 

Section (simplified): 0.00—6.25 m covering 
beds; 6.25—7.40 m kkz, compaction 7—15— 
20% = 9—20—29 cm; 7.40—11.35 m: 160 cm 
kz, compaction 4—-9—15 % = 7—16—28 cm 
and 235 cm zkz, compaction 2—4—10% = 
5—-10-—26 cm; 11.35—14.07 m z, compaction 
1—2—6% = 36-17 cm; 14.07”—15.45 m 
Hydrobia-clay, compaction 3—9—24% = 
4—14-44 cm; 15.45—15.57 m Lower Peat, 
compaction 17—39—62% = 2—8—19 cm. 
Depth of deposition 100—0 cm below low 

tide level — 50 cm above low tide level. Tidal 
range 140—160—200 cm. 

Half tide level 5.75—4.71—2.62 m. 

Comments: tidal range. — The average range 
of the tides on the North Sea coast at IJmui- 
den, is, at the present day, 159 cm. 


(d) The base of the marsh deposits at 3.25 m 
in the SW section 


No radiocarbon dating. The age must be 
smaller than that of the Scrobicularia shells at 
6.40 m in the same section, but greater than 
that of the younger tidal flat series. It is 
assumed to be 3400 = 500 years. 

Section (simplified): 0.00—3.25 m covering 
beds; 3.25 4.25 m zkz, compaction 25— 
10% = 2-5—11 cm; 4.25—5.70 m kz, com- 
paction 4-8—13% = 6—-13—22 cm; 5.70— 
7.40 m kkz, compaction 5—10—15% = I9— 
19-30 cm; 7.40—11.35: 160 cm kz, compaction 
243%, = 3-7—14 cm and 235 cm zkz, 
compaction 125% = 2-5—12 cm; 11.35 
—14.07 m z, compaction 1-1—2% = 3—3—6 
cm: 14.07-15.45 m Hydrobia-clay, compaction 
2 7095 310-341 cm; 15.45—15.57 m 
Lower Peat, compaction 9-33—52 % = 1— 
6—13 cm. 

Depth of deposition 30—0—0 cm below high 
tide level. Tidal range 140—160—200 cm. 

Half tide level 3.96—3.37—2.23 m. 


(e) The gully in the younger tidal flat series 
in the NE section (fig. 1) 


Level of surface, cut by gully: 4.50 m. An 
age of 2360 = 130 years has been assumed on 
the strength of the two following Carbon-14 


analyses: 
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(1) Shell pairs of juvenile Cardium edule, 
washed together in a fairly continuous 
bed in the upper parts of the channel 
deposits at 6.50 m: 2420 = 160 years; 


(2) Shell pairs of Scrobicularia plana, in the 
position of growth, in the lower tidal flat 
deposits at 4.20 m: 2305 = 160 years, 


Section (simplified): 1.00—4.50 m covering 
beds; 4.50—8.00 m z, compaction 2—5—10% 
= 7—18-39 cm; 8.00—14.75 m: 275 cm kz, 
compaction 5—12—20% = 14—37—69 cm 
and 400 cm S + z, compaction 1—4—8 % = 
4—17—35 cm; 14.75—16.00 m Hydrobia-clay, 
compaction 1-—5—15% = 1-7—22 cm; 
16.00—16.20 m Lower Peat, compaction 5— 
20—33 %, = 1-5—10 cm. 

Depth of deposition 0—25—60 cm above 
low tide level. Tidal range 140—160—200 cm. 

Half tide level 4.13—3.11—1.75 m. 

Comments: compaction. — Since the sedi- 
ments between 4.50 and 14.75 m have been 
formed in inclined beds on the prograding bank 
of a meander, and since it is likely that the 
deposition has been comparatively rapid, it 
seems reasonable to assume an originally large 
pore space. Although the bulk of the sediments 
is of sandy character, the effect of compaction 
should not be taken too small. 


(f) The top beds the younger tidal flat series 
in the NW section 


Dated material: shell pairs of Scrobicularia 
plana in the position of life at 3.25 m. Level 
of sediment forming surface at time of shell 
growth: 3.10 m. Age 2195 # 75 years. 

Section (simplified): 1.20—3.10 m covering 
beds; 3.10—3:.60 m k, compaction 12—20— 
30% = 7—12—21 cm; 3.60-4.60 m kkz, com- 
paction 10—-16—22% = 11-1928 cm; 
4.60-5.30 m kz, compaction 5—10—15% = 
48—12 cm; 5.30—7.00 m zkz, compaction 
2 410% = 3—7—19 cm; 7.00—13.50 m 
kz, compaction 5—12—20% = 34—89—162 
cm; 13.50-14.75 m z, compaction 1—4—8 % 
— 1-5-11 cm; 14.75—16.10 m Hydrobia- 
clay, compaction 1—4—14% = 1—6—22 cm. 

Depth of deposition 60-30—10 cm below 
high tide level. Tidal range 140-—160-—200 cm. 

Half tide level 3.39—2.14—0.45 m. 

Comments: age. — In the upper beds of the 
younger tidal flat series in the southern part 
of the excavation a piece of pottery (bowl) 
was found, at a depth of 5.30 m. It was dated 
archaeologically by MODDERMAN, at an age 
of about 2250 years. The sediment at this place 
is therefore equal to, or younger than this age, 
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a conclusion wich is corroborated by the 
radiocarbon dating of the Scrobicularia shells 
in the NW section, 


Compaction. — The sediments of the 
younger tidal flat series in the NW section 
have been assumed. From these percentages 
level of the juvenile Cardium shells at 6.50 m 
in the NE section, dated at 2420 = 160 years, 
corresponds approximately to the level of 
10.00 m in the NW section. Accordingly, 
comparatively high compaction percentages 
have been assumed. From these percentages 
it would follow that the top of the younger 
series in the northwest had been originally at 
a level of 2.49—1.64—0.35 m. The original 
position of the top must have been considerably 
lower in the NE corner of the excavation. "This 
would supply a good explanation for the 
absence of the lower peaty clay in the NW 
section (fig. 1). The clay would have been 
deposited only in the deeper parts of the "relic 
lake””. 
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Fig. 3 — The relative movements of sea level at 
Velzen. The rectangles give the areas between the 
supposed maximum and minimum values for age 
and for sea level. - 


CONCLUSIONS 


The above data are assembled in the graph 
fig. 3. It may be deduced that the average rise 
of sea level has been much slower during the 
last 4000 years than in the preceding period. 


I£ one supposes for a moment that the as- 
sumed "most probable” values for the former 
sea levels are right, it follows that, at the time 
of the marshes in the SW section, the sea 
stood at about the same height as during the 


incision of the small gully in the NE section. 
Yet, a considerable difference in age between 
these two is indicated by the stratigraphical 
relations. It is impossible to suppose that the 
marsh deposits were formed during early 
stages of the younger tidal flat series, on the 
borders of the estuary itself. The bands of 
peaty clay, with their fresh water fauna, which 
are seen in the sands overlying‘the marsh 
deposits, cannot have been deposited in the 
immedate vicinity of estuarine tidal flats. 
Hence it must be deduced that the time of the 
marsh formation and that of the incision of 
the gully were separated by the whole interval 
of the "Beach plain stage”, which lasted, in 
all likelihood, at least a few centuries. 
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Fig. 4 — (1)—(3): the different interpretations 
which are possible for the most probable values of 
fig. 3. (4) the curve resulting for an assumed tidal 
range of 240 cm. 


In fig. 4 three different subsidence curves 
are given, connecting the "most probable” 
values of age and sea level. The third one 
seems to the author to be more likely 
than the other two. It accounts moreover 
satisfactorily for the successive stages of in- 
vasion and retreat of the sea. The invasion of 
the older tidal flat series as well as that of 
the younger series coincide with the times 
when the sea level rose relatively to the land, 
the beach plain stage with its fresh water 


deposits and the stage öf the relic lake being 
related to the negative shifts of sea level. 


It should be mentioned that quite different 
results are obtained if a greater range of the 
tides is assumed, the other factors remaining 
equal. The curve 4 (fig. 4) gives the conditions 
for a range of 240 cm. In this case the rise of 
the sea would be much more gradual. It 
appears however, most unlikely, that the tides 
could have been so much stronger in this recent 
past. Smaller values for the tidal range, on the 
contrary, could be admitted more readily in 
connection with the distance to the tidal inlets. 

It must be stressed, finally, that the con- 
siderations given above are highly hypothetical. 
One may reasonably expect, however, that 
further äpplication of the Carbon-14 dating 
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method, combined with detailed geological 
investigations, both at Velzen and at other 
places along the coast, will yield a much better 
founded and a much more reliable picture of 
the movements of the sea. 
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DISCUSSION 


Prof. Bakker (Amsterdam) does not agree with 
Dr. van Straaten as to the extreme flatness of the 
basis of the salt marshes ("kwelders”). In the 
NW-part of Friesland higher and lower parts occur, 
with a difference in height of about 1 m at short 
distances, and in Denmark differences of 60 cm 
have been observed. 

Dr. van Straaten replies that Prof. Bakker had not 
(yet) proven that his observations were made on 
marshes which are actually being forined. It is quite 
likely that these deposits are of different ages, some 
of them being already a few centuries old. In that 
case the variations in level can be explained by tlıe 
different degrees of relative bottom subsidence and 


by differential compaction. Nevertheless Dr van 
Straaten readily admits the possibility of slight 
variations of primary origin. 

Dr Veenenbos (Soil Survey Institute) observes 
that Prof. Bakker, in accordance with Dr van 
Straaten, considers the base of the salt marsh 
deposits as representing the level of average high 
water. Locally this may be true in the present tidal 
flat area in the Netherlands, but the conclusion is 
not confirmed by observations in Denmark, where 
salt marshes are being formed on high tidal flats. 
Dr. Veenenbos suggests that the present conditions 
in Denmark reflect more accurately the former con- 
ditions of sedimentation in the Barradeel area. 
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(I) INTRODUCTORY 


This article is a rather brief digest of a 
manuscript, too detailed in itself for a synopsis. 
The complete text is intended as a university 
thesis. As the publication of the latter will not 
be delayed for long, a review of older litera- 
ture will not be given here. Only those authors 
will be referred to whose names are indispen- 
sible for following the argumentation, More- 
over, attention will mainly be drawn to new 
data. 


(II) THE 'GEOLOGICAL SUBSIDENCE OF 
THE COASTAL AREA IN THE 
NETHERLANDS 

The submergence of the land in relation to 
the mean sea level is due to three component 
factors: the elevation of the level of the sea, 
the geological subsidence of the land and the 
shrinkage of the soil. The last mentioned factor 
can be reduced to almost negligible proportions 
by restricting the altitude determinations to 
particular sandy sections. Where such a course 
is impracticable, shrinkage should not be 
ignored. 

The geological subsidence of the Western 
part of the Netherlands can be calculated for 
extensive periods using geological data such 
as the base of the Quaternary, the altitude of 
the Eemian and that of the fluviatile Lower- 
Terrace. The conclusion from a critical study 
of all available particulars concerning these 
three levels is that this subsidence amounts to 
approximately 2 or 3 cm per century for the 
central and the northern part of the coastal 
region of the Netherlands. Further south this 
subsidence is reduced to 0. 


(II) THE RELATIVE RISE OF SEA LEVEL 
DURING THE POST-GLACIAL UNTIL THE 
TIME OF SEDIMENTATION OF THE 
OLD SEA CLAY 

It is generally assumed that during the last 
glaciation sea level wat at about 100 m below 
the present level. As regards the rise of 
sea level at the beginning of the Holocene, 
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data can only be obtained by using the base 
of the lower peat as the starting point. If 
the lowest peat layer is true peat then that 
base must have been at or above the sea 
level of that time. The deepest peat base 
is to be found in Schouwen, viz. at 37,20 m 
— N.A.P. (ordnance datum), according to 
VERMEER-LOUMAN (1934). This layer of peat 
belongs to the Boreal and it is thus probable 
that sea level was below 37 m — N.A.P. during 
part of the Boreal age. The possibility is not 
excluded, however, that this layer of peat is 
not autochthonous. 


More is known about the altitude of the 
contact between Boreal and Atlanticum. From 
the position of the lower peat at Velsen 
(FLORSCHüTZ, 1944) and at Rotterdam (FLOR- 
SCHÜTZ en VAN DER VLERK, 1939) it follows 
that sea level during this transitional period 
must have been at 16 t 183m -—- N.A.P. 


(IV) THE RELATIVE RISE OF SEA EEVER 
AND THE TRANSGRESSIONAL PHASES 
DURING THE SEDIMENTATION OF 
THE OLD SEA CLAY 


The top surface of the lower peat in the 
tunnel excavation at WVelsen can only be 
used for tying-in the former sea levels if 
the shrinkage of the peat is allowed for. 
Various methods have been tried out to solve 
this problem. The opinion of HulzınGA (1940) 
that the shrinkage may have amounted to as 
much as 98 %, is not in accordance with modern 
views on soil mechanics. Our investigations 
have shown that the shrinkage cannot have 
been more than 75 to 85%. This implies that 
the transgression near Velsen occurred at a 


level o£ about 14 m — N.A.P. 


Near Vinkeveen, the outer limit where the 
lower peat is to be found as far as it is covered 
by a marine sediment, it can be calculated that 
a transgression proceeded at a sea level of 6 m 
— N.A.P. This level is much higher than the 
one calculated for Velsen. I£ both figures are 
correct, the sea must have reached WVelsen 


about one thousand years earlier than Vinke- 
veen. 


The humous clay layer overlying the lower 
peat near Velsen and elsewhere bas been 
formed under water in a saline lagoon. At a 
level of 7tollm-—.N.A.P. the sea encroached 
on the lagoon and the deposition of the sandy 
layers of old sea clay was started. During this 
sedimentation period the sea rose rather rapid- 
ly at first but later on the rise slowed down, 
according to Haans (1949) who could trace 
various phases in the younger layers of the old 
sea clay, all being deposited between 5 and 4 
metres — N.A.P. 


These are: the Hoofddorp phase, charac- 
terized by decalcified soils, the normal old sea 
clay phase and the Beinsdorp phase. The nor- 
mal old sea clay overlies the decalcified Hoofd- 
dorp soils, whilst the Beinsdorp soils again 
overlie the normal old sea clay. At spots 
suitable for comparisons, where the soil shows 
no shrinkage, it is found that the upper surface 
of the Hoofddorp soils is 4 m below N.A.P. 
and the same applies to the upper surface of 
the old sea clay. The facies of these two 
deposits, however, show a slight difference and 
it is not unlikely that the sea level during the 
formation of the old sea clay was higher than 
at the time when the Hoofddorp soils were 
formed. 

The end of the old sea clay can be fixed 
at about 2300 B.C. The opinion of other 
authors who dated this era at about 1800 B.C. 
cannot be maintained, since the examination of 
Neolitic finds near Hekelingen on the island 
of Putten made by MODDERMAN (1953), FLOR- 
scHütz (1953) and BENNEMA (1953); 

The formation of the peat on top of the old 
sea clay is generally considered as evidence 
that the level of the sea must have sunk rather 
considerably over a long period. This con- 
clusion, however, may not be correct. At the 
beginning of the event during which the old 
sea clay was formed the level of the sea rose 
rapidly but this rise was almost equalled by 
the deposition of the new sediment. At the end 
of the old sea clay epoch the speed of this rise 
was retarded and at that time a coastal bar 
could be built up, obstructing the outlet of the 
hinterland to the sea. This sufficed to initiate 
the formation of peat. Although it is therefore 
not essential to assume a subsidence of sea 
level, a minor drop may still have taken place. 
Whether or not this occurred it at least did not 
last long, and certainly had a much shorter 
duration than is often assumed when a so- 
called subboreal regression .is postulated. 
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(V) THE TRANSGRESSIONAL PHASES AND 
THE RELATIVE RISE:OF SEA LEVEL 
FOLLOWING THE DEPOSITION OF THE 

OLD SER EIAY UNTIESHORTEY 
BEFORE THE BIRTH OF CHRIST 

Surely at many places the formation of peat 
set in after the end of the old sea clay depo- 
sition, but already during the transitional 
period from the Stone Age to the Bronze Age 
the sea has invaded the land at several other 
places. In the North Eastern Polder this trans- 
gressional phase has been described as the 
Cardium transgression, although MULLER and 
VAN RAADSHOVEN (1947) have wrongly as- 
sociated the deposition here with the latest 
phase of the old sea clay sedimentation in the 
Western part of the Netherlands. A com- 
parison of data pertaining to the North Eastern 
Polder and those of other sections in the 
Netherlands clearly shows that the Cardium 
transgression is of a more recent date than the 
normal old sea clay deposition in South 
Holland. 

The immersed layer near Urk can be cor- 
related with an immersed shallow oligotrophic 
layer in the peat of the Vecht region, which 
was examined in detail by the author. This 
shallow layer is to be found today at varying 
depths owing to irregular shrinkage. In cor- 
recting the data recorded with respect to this 
shrinkage effect, it becomes evident that the 
immersion of the landscape of the Vecht region 
took place, at a level of high tides of approxi- 
mately 2.25 metres —N.A.P. 

Apart from the examination of the neoliths 
of Hekelingen, already referred to above, the 
prehistoric I] should be mentioned which was 
investigated by GürRAY (1951). Here it was 
found that the peat landscape was encroached 
upon once more by the sea shortly after its 
formation, at a sea level much higher than the 
foregoing. Also in Waterland the terrestrial 
peat is covered by other brackish formations, 
consisting of silt and clay. 

In the literature on peat formation particu- 
lars can be found on the peat areas in the 
north of the country before this transgressional 
phase set in. From an international point of 
view it coincides with the latest maximum of 
the Litorina sea (about 1800 B.C.). As to 
palynological evidence the Cardium transgres- 
sion occurred either at the end of the Atlanti- 
cum or at the beginning of the Subboreal 
depending on the way in which the demarcation 
line between the two periods is drawn. In the 
West and North of the Netherlands the epoch 
of the Cardium transgression is characterized 
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by a maximum of hazel (Corylus) vegetation. 

In summarizing it can be stated that the 
available data with regard to the sea level 
during this phase point to the fact that this 
level must have been at approximately 3,25 m 
— N.A.P. 

The history of our coast between the Car- 
dium transgression and the Iron Age is still 
rather obscure, although it is clear that during 
this time there was no important drop of the 
sea level. Of importance are the conditions 
prevailing in Westfriesland where a soil survey 
is in progress at present. Here burial mounds 
are found on marine silty sand, dating back to 
about 1000 B.C. as described by VAN GIFFEN 
(1953). Consequently this part of Westfries- 
land was already inhabited in those times. "The 
toe of the mounds is at a level of 1,5 metres 
— N.A.P. which is an indication that sea level 
was at that time considerably higher than at 
the end of the Cardium transgression. 

With respect to Western Germany HAAR- 
NAGEL (1950) strongly stresses the point that 
the devastation of the peat and the formation 
of the sea coast took place between 700 B.C. 
and about 300 B.C. This dating most probably 
applies to Friesland and Groningen too. "The 
devastation of the peat in the isle of Walche- 
ren started very likely in this period as well. 

In the last few centuries before the Christian 
era settled conditions prevailed as settlements 
of population existed along the coast every- 
where, partly on peat soil as in Walcheren, 
Schouwen and the Weestland, partly on marine 
soils as in Friesland and North Western 
Germany. 


(VI) THE RELATIVE RISE OF SEA LEVEL 
AT THE TIME OF AND JUST AFTER THE 
BEGINNING OF THE CHRISTIAN ERA 

Encroachments of the sea on the land just 
before and at the time of the birth of Christ 
have been very numerous in Zeeland, in the 
islands of South Holland, in the mouths of the 
Maas and the Rhine and along the coast of 
North Holland. 'Thereafter a more settled 
period followed with extensive settlements, 
concluded in the third century A.D. 

The effects of these encroachments were less 
noticeable in the north of the country as here 
a relatively elevated marine base level of sedi- 
mentation had been reached already. 

According to the method developed by VAN 
GIFFEN (1910) it is possible to determine the 
height of the sea level during Roman times in 
various places. In those times the salt-marsh 
had attained a level equal to N.A.P., although 


at some places a slightly lower level prevailed. 
Some higher spots existed too e.g. in Friesland, 
but these were located on the foreland ridges 
(high banks of the salt-marsh). If the salt- 
marshes of this period are compared with those 
of today, it becomes evident that during the 
past 1900 years the level of the sea has risen 
by 1.30 m or 1.40 m. For the Western coastal 
region we have followed the same line of 
reasoning which produced figures varying be- 
tween 1.20 and 1.40 m. All these data demon- 
strate that the surface level of the land has 
relatively sunk by about 1.20 or 1.40 m since 
Roman times. Using the same methods a dif- 
ference of 1.70 m was found for the Iron Age. 

Along the German.coastal region to the east 
of the Jadebusen the differences are smaller. 
The explanation lies partly in the fact that the 
absolute geological subsidence here has been 
less, and still further eastward even a slight 
absolute rise of that level, up to 2 or 3 cm per 
century, has been established. 


(VI) THE TRANSGRESSIONAL AND 
SETTLED PHASES AFTER 
ROMAN TIMES 

A short time before 300 A.D. the sea en- 
croached once more on the land. This phase 
of transgression has been described by various 
authors for the whole Belgian, Dutch and 
German coastal region. 

At about the year 800 and locally at about 
600 already the young marine deposits in the 
Belgian and South Western Dutch coastal 
area were reinhabited. The altitude of creek 
ridges reveals that these were deposited at a 
sea level which was about 60 or 80 cm lower 
than it is today. 

In the northern sea clay region several 
"terps (mounds) were raised. In the trans- 
gressional phase after 300 A.D. many of these 
"terps” were abandoned by the. inhabitants 
(although several of them remained in use). 
During the ensuing settled period after the 
transgressional phase, however, new "terps” 
were raised again. 

At the end of the 9th and during the 10th 
century the sea encroached once more on the 
south western sea clay region. The old land- 
scape that had been formed soon after the 
Roman era was partly eroded and partly 
covered with young sediments. There is some 
proof that this period passed into a more 
settled one in the coastal region during the 11th 
century (BAKKER, 1948), whereafter the era of 
embankment and dike building commenced. 

On account of this dike building soil con- 
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ditions along our coasts after the 11th century 
are less representative of the fluctuations of 
sea level than they had been so far. "The very 
high storm surges and the serious catastrophes 
during the 14th, 15th and 16th century reveal 
that the sea. has made numerous assaults on 
the coastal region in this era. At the end of 
the 16th century a new rather settled period 
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for the West of the Netherlands have been 
plotted on the chart. By subtracting 2 cm for 
every century from the. relative rise of sea 
level on account of the absolute geologic sub- 
sidence of the land, the absolute rise of the 
level of the sea along the Westcoast of the 
Netherlands can be arrived at. Assuming that 
the shape of sea level has not changed during 


' 
000 0 1000 


2000A.D. 


Fig. 1 — The rise of mean sea-level in the western part of the Nederlands since the beginning of the Atlanticum 


set in, which lasted until the middle of the 19th 
century (see also paragraph XII). The outset 
of that period is characterized by the formation 
of heavy clay layers on sand flats (plaat- 
gronden). 


(vi) A GRAPHIC REPESENTATION OF 
THE RISE OF SEA LEVEL 


Based on the data, discussed in the preceding 
paragraphs, the relative rise of the sea level 


the times under review, this absolute rise should 
apply to the whole of the globe. 

Contrary to most of the curves plotted by 
other authors, this particular graph is indica- 
tive of a gradual and progressive rise of sea 
level. To make any differentiation between an 
Atlantic transgression (Litorina transgression), 
a Subboreal regression and a Subatlantic 
transgression does not seem justified. The phe- 
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nomenon as a whole should be considered as 

a persistant, yet decreasing Holocene trans- 

gression. 

The conception that a regression has oc- 
curred in the Subboreal is usually based on 
two fundamental facts: 

(1) The existence of many small Litorina ter- 
races at approximately 6 m above sea 
level giving rise to the assumption that 
the sea level had sunk some 6 metres since 
that age. 

(2) The development of a peat layer on the 
old sea clay being usually considered as 
an indication that a regression had oc- 
curred at the end of the Litorina trans- 
gression. 


The existence of the small Litorina terraces 
can also be explained, however, by assuming 
that the areas where they are found, rose as 
quickly as did the sea level during the latter 
part of the Atlanticum (see GODWIN, 1945). 
Later on, when the rise of sea level slowed 
down, these terraces emerged from the sea. 
Other explanations are possible, however. It 
has already been pointed out that peat could 
also have developed on the old sea clay with- 
out the assumption of a considerable Subboreal 
regression. As a matter of fact many authors 
have presumed that this has been happening 
but they were so much struck by the simulta- 
neousness of the phenomena that nevertheless 
they assumed sub-boreal regression. On the 
one hand this simultaneousness is to a certain 
extent implicated in the trend shown by the 
rise of the sea level, but on the other hand the 
simultaneousness is not quite so conspicuous as 
sometimes has been presumed. For instance, the 
development of peat on the old sea clay in 
the West of the Netherlands set in earlier than 
on the Fen clay in England. 


As the sediments formed during the Cardium 
transgression were laid down a few centuries 
after the deposition of old sea clay came to 
an end, and as they are Iying higher than the 
old sea clay, the conclusion can be drawn 
without any reserve that the assumption of a 
considerable regression at the beginning of the 
formation of the upper peat is not borne out 
by the facts. Yet a short phase of regression 
or stagnation may have had some con- 
sequences. 

That the sea was exerting a greater influence 
than during the Subboreal notwithstanding a 
decline in the rate of rising of the sea level was 
. probably due to numerous causes. The peat 
areas gradually developing beyond the natural 


coast protection were an easy pray to de- 
vastation. Deep layers: of peat after being 
eroded, could not forthwith be replaced by 
fresh peat. The natural coast protection built 
up at the end of the Atlanticum and during the 
early Subboreal soon became unreliable. 
Changes in the prevailing climatic conditions 
attending the transition of the Subboreal into 
the Subatlanticum implied very likely that the 
feature of western gales as a whole became 
more prominent. 


The tendency to associate the rise of the sea 
level with an accelerated melting of the glaciers 
is only logical. At the outset much more water 
was released but that quantity gradually abated 
again. By assuming a climatic optimum for the 
whole world during the Atlanticum, it will be 
necessary to consider the subsequent melting 
of ice as a sort of delaying feature demon- 
strating itself as long as the balance between 
the extent of the glaciers and the prevailing 
climate had not been restored. Obviously this 
applies in the first place to regions with an 
abundance of ice and therefore particularly to 
the Antarctic. In regions not so rich in glaciers 
the balance will have been restored much 
sooner. 


(IX) THE PERIODICITY OF THE TRANS- 
GRESSION PHASES 


In paragraphs V, VI and VII dealing with 
the history of our coastal region since the end 
of the old sea clay deposition, it was. em- 
phasized that in this history the transgression 
as well as the settled and regression phases 
played an important part and so did the noti- 
ceable general rise in the sea level. 


Transgression phases are known to have 
occurred at about 1800 B.C., at about the birth 
of Christ, at 300 A.D., 900 A.D. and there are 
indications that similar phases must have 
demonstrated themselves at about 1200 B.C., 
600 B.C. and 1200 to 1300 A.D. When 
scrutinizing these dates, a certain periodicity 
comes to light with calculated intervals that 
have lasted about 525 years. In assuming a 
periodicity of 525 years, the following range 
of dates is arrived at: 


1800 B.C,, 1275°8.G, 750 BC, 22357. 
300 A.D., 825 A.D., 1350 A.D., which dis- 
closes the fact that the dates reasonably coin- 
cide with those of the transgression phases 
referred to above. The next following date 
after 1350 A.D. would have been 1875. As we 
will see in paragraph X this date is con- 
firmed by established facts. 


The phases of transgression have been by 
no means of the same importance. Anyhow 
those of 1800 B.C., 300 A.D. and possibly 
those in the later Middle Ages, have had con- 
siderable consequences in the coastal region. 
The transgression phases of about the be- 
beginning of the Christian era and those of the 
10th century have been of lesser importance. 
Little is known yet of the transgression phases 


of about 1200 B.C. and 600 B.C. but it can, 


be gathered from data recorded in literature 

that the phase of 600 B.C. must have had a 
rather noticeable effect on the coastal regions. 
Possibly this may indicate that a drastic trans- 
gression phase is always succeeded by a less 
violent one, after an interrupting phase of 
regression. 

Not all transgression phases were of the 
> same duration. The one of about 900 A.D. e.g. 
lasted a much shorter time than the trans- 
gression phase setting in during the late Middle 
Ages. 

Finally we wish to state that W. C. VISSER 
(cited after BAKKER, 1948) and BAKKER (1948) 
already pleaded for a periodicity of sedimen- 
tation along the Dutch coast. 

The theory that the transgression phases are 
periodical phenomena, is substantiated by the 
fact that other periodical features demonstrate 
themselves in other parts of Europe, as will be 
discussed in the next paragraph. 


(X) THE RELATION BETWEEN el, 
TRANSGRESSION PHASES IN THE 
COASTAL AREA OF THE NETHER- 
LANDS AND OTHER CLIMATIC 
PHENOMENA IN EUROPE 

The Holocene transgression is generally ex- 
plained as being a result of the melting away 
of the ice sheets of the last glaciation. A 
detailed survey of the relation between climatic 
fluctuations and the rise of the sea level cannot 
be compiled yet. There are, however, several 
indications that the periodicity shown by the 
action of the sea assumed above is .closely 
associated with climatic fluctuations. This con- 
nection is evident from a similar periodicity 
shown by other phenomena, only explicable by 
changes of climate. The periodical features of 
the mountain glaciers and of the drift ice in the 
Arctic are too well known to be enlarged upon 
here. 

A periodical phenomenon that only became 
known very recently has been revealed by the 
studies of WELTEN (1944) on the deposits of 
marsh-chalk of the Faulensee near Spiez in 
Switzerland. Profiles of this marsh-chalk show 
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that beech-pollen grains increase and decrease 
in number at regular intervals. A high percen- 
tage of beech-pollen indicates a more oceanic 
climate (WELTEN, 1952). Correspondingly, 
WELTEN differentiates four beech phases: 
from 3200 to 2350 B.C., from 750 to 450 B.C., 
from 200 to 600 A.D. and from 850 to 1250 
A.D. There are a few more of such phases 
but as for these the phenomenon does not show 
up very clearly. 

Evidently the Ist, 3rd and 4th beech phases 
of WELTEN coincide with periods of stronger 
action of the sea off the Netherlands’ coast. 

Another study deals with the borderline 
horizons of the West-European peat bogs 
(NıLsson, 1935, 1948). Horizons can be traced 
between rather badly decayed mosspeat and 
the overlying mosspeat of a less decayed stage, 
the latter being formed under moister condi- 
tions. The Scandinavians have dated these 
horizons: 3500 B.C., 2900 B.C., 2300 B.C., 1700 
B.C., 1000 B.C., 500 B.C., the birth of Christ, 
400 A.D., 1300 A.D. As to the dates of the 
formation of some of these horizons, there is a 
divergence of opinion, but it appears that the 
dates of origin of the borderline horizons of 
1700 B.C. and those thereafter synchronize 
remarkably with those of the transgression 
phases in the Netherlands. 

GAMS and NORDHAGEN (1923) have been 
prompted to divide the Subatlanticum into a 
number of substages, extremely similar to the 
settled and the transgression phases of the 
coast of the Netherlands. Their periods of 
more rainfall are: 850 to 120 B.C., 180 to 350 
A.D., 600 to 900 A.D., 1090 to 1250 A.D. 
Droughts prevailed from 120 B.C. to 180 A.D,, 
350 to 600 A.D., 900 to 1090 A.D. and 1250 
to 1550 A.D. The dates apply in particular to 
the centre and southeastern section of Europe. 
Fig. 2 shows how well the dates of the 
various phenomena are synchronized. 

The foregoing statements provide a strong 
argument in favour of the thesis that the trans- 
gression phases of the Young Holocene are 
due to climatic fluctuations. 


(XI) APPLICATION OF THE PRINCIPLE OF 
PERIODICITY TO THE PHASES OF TRANS- 
GRESSION ON THE CONDITIONS OF IEIE 
COAST OF THE NETHERLANDS IN 
THE PAST AND AT PRESENT 

In view of the fact that the difference in sea 
level in the Roman era and today is 1.30 
metres, the difference of a few decimetres be- 
tween the late Middle Ages and today appears 
to be rather small and from this it may be 
deduced that the Holocene transgression has 
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Fig. 2 — Occurrences of transgression phases in the western 


part of the Netherlands compared with other 


mainly climatically determined phenomena. 


almost come to an end. The graph shows that 
the secular rise of sea level should only be 
small today. The water gauge records, how- 
ever, show a larger secular rise of sea level 
since 1850. This excessive rise of sea level 
coincides with the melting away of many gla- 
ciers and a decrease of the quantity of ice in 
the Arctic, Before 1850 the rise of sea level 
was presumably less for some centuries than is 


in accord with the secular rise of that level., 


This period set in at about the end of the 
sixteenth century. The formation of heavy 
layers of clay on the sand flats might be in- 
dicative of a slight subsidence of the sea level. 
On the other hand it is an established fact that 
at about the end of the 16th century the gla- 
ciers and the ice in the Arctics were accreting. 
All these facts point to the outset of a settled 
> or regression phase shortly before 1600 A.D., 
in concurrence with the trends of the climate 
(see paragraph XII), passing again into 
another transgression phase at about 1850. It 
is generally assumed that storm surges in the 
15th and 16th century, therefore during the 
transgression phase, were much more powerful 
and happened more frequentiy than after 
1600 A.D. 

Unfortunately a proper compaıison of the 
data on the height of the storm surges during 
the 15th and 16th century and those at later 
dates is not yet available. 


It is only a hypothesis that the transgression 
phases, barring a slight rise of the sea level, 
could demonstrate themselves more strongly in 
the occurrence of relatively frequent and very 
high storm surges. A hypothesis which has 
already been mentioned by BAKKER (1948). 

Whether this hypothesis is borne out by the 
facts is a matter of outstanding importance to 
our coastal regions as it involves the question 
whether the storm surge of 1953 must be con- 
sidered as incidental or as a forerunner of more 
exceptionally high tides according to the 
scheme of periodical transgression phases, to 
be anticipated during the coming 175 years, of 
which, however, the last one hundred years 
might already usher in the ensuing settled 
phase. 


(XI) A FURTHER ANALYSIS OF THE 
PERIODICITY OF THE CLIMATE 
Plenty of references in literature also of 
recent date dre made with regard to the con- 
sistent changes of the climate which, in our 
opinion, may be considered as the cause of the 
remarkable alternation of disturbed and quiet 
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periods which prevailed along the coast of the 
Netherlands. 


WAGNER (1940) and PETTERSSEN (1949), 
amongst others, attribute the changes of climate 
to an increase in the general circulation of air 
especially the meridional circulation. Ac- 
cording to WAGNER 'the period from about 
1575 A.D. onward up to 1800 A.D. should be 
taken as a period of restricted circulation of 
air. Round about 1800 A.D. an era of more 
powerful circulation of air set in, but did not 
become of much consequence before 1900 A.D. 
They had a different effect on various parts 
of Europe. LABRIJN (1945) has applied this 
theory to the Netherlands. For a stretch of 250 
years his findings check closely with those of 
WAGNER. As to the last half century, how- 
ever, the winter temperatures exceed those of 
1781—1820 by 1° C., the‘ temperature for 
January is even 1.9° C. higher. The dominating 
direction of the wind has backed 20° to 25° 
(compare VAN VEEN, 1940). 


(XII) CONCLUSIONS 


1. The rise of sea level after the glaciation 
should be considered as a consistent, 

slowly dwindling transgression. 

2. Of the relative rise of the sa level along 
the coast of South Holland a share of about 

2 of 3 cm per century must be attributed to 

the real subsidence. 


3. About 5500 B.C. the absolute rise of the 
sea level amounted to 75 cm per century, 
about 2000 B.C. the relevant rise was 13 cm 
per century; since the Roman era the average 
rise has been 4 cm per century. 
4. After about 2000 B.C. the Holocene trans- 
gression has been characterized by the 
occurrence of transgressional and settled or 
regressional phases which have been of out- 
standing importance to the formation of the 
coastal region of this country and its 
habitability. 
5. The transgressional and regressional or 
settled phases show a periodicity with in- 
tervals of approximately 525 years. 


6. The transgressional phases are very likely 

characterized by slight rises in sea level 
and possibly by the occurrence of relatively 
frequent storm surges. 


7. The periodicity of the transgressional and 

settled or regressional phases is probably 
related to a periodicity of climatic conditions. 
The latter periodicity is also apparent from 
the features of the peat profiles in Scandinavia 
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(Rekurrenzflächen) and locally of the forest 
vegetation. 


8. The period from 1600 to 1850 A.D. is to 

be considered as a regressional or settled 
phase, the period from 1850 onward as a trans- 
gressional phase, : 


9. The historical phases of transgression and 
regression can be correlated with respect 

to the expansion of the polar ice sheet near 

Greenland and the growth of the glaciers. 
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DISCUSSION 


Prof. Bakker (Amsterdam) agrees on the whole 
with Mir. Bennema's curve of relative rise of the 
sealevel, provided that minor oscillations be super- 
imposed on it. He has found some indications 
suggesting that in the 5U00V-years periodicity of 
transgressions, which is now also admitted by Mr. 
Bennema, there is a certain phase difference between 
the N and the S of the country, in so far that events 
occur somewhat earlier in the N. This applies to 
both the Carolingian-Early Ottonian transgression 


in Friesland and Groningen (+ 800-950) and the, 


Late Carolingian-Ottonian transgression (# 890— 
1000) in Walcheren and Flanders. The late medie- 
val transgression started in the N about 1175— 
1200, whereas in the S it had its main effect after 
1300. If this should also hold good for the present 
time the 1953-flood could be indicative of the 
second half of a period of floods. 


As to- this last remark, Prof. 'Thijsse (Delft) 
observes that a great flood, as for instance the 
formation of the Zuiderzee in the 12th and 13th 
 centuries, is only an after-effect of a widening of 
gaps in the shore bar during the preceding cen- 
turies. 

Prof. Florschütz (Leiden) makes the following 
observations. In order to find the height of the 
sealevel at the time of the formation of the "surface 
peat' as compared with the preceding period, a 
comparison may be made with the "lower peat'. 
At that time there must have been a closed shore 
bar, behind which the groundwater rose, causing 
peat formation. Through a further rise of the sea- 
level the bar was broken and the sea flooded the 
former lagoon, forming marine sediments extending 
50 km inland from the present coast. Then the sea 
retreated again and the "surface peat’ grew up. 
The simplest explanation for this phenomenon is a 
fall of the sealevel. 

Mr. Bennema, however, tries to explain it by 
assuming the renewed formation of a closed shore 
bar, in the same way as during the growth of the 
"lower peat''. This would mean that during a con- 
“ tinuous rise of the sealevel a shore bar was first 
formed, then partly destroyed, then again formed 
and at last broken down again, which does not seem 
a logical assumption. 

The same succession as in the Netherlands is 
also found elsewhere around the North Sea. Should 
all these instances be explained by the formation 
and destruction of local shore bars? Godwin (1945) 
gave a summary of these submergences and emer- 
gences, and Zeuner (1952) adds that the indications 
of dryness in the Subboreal may be connected with 
a slight regression of the sea, which need not be 
contemporaneous everywhere. Godwin's recent 
publication on Jersey (1952) seems to confirm this 
view. Overbeck (1950) explains the peat formation 
in NW-Germany by. a submergence, too; the late 
George Dubois (1924) assumed a lowering or a 
standstill of the sealevel between the deposition of 
the marine Assize de Calais and the marine Assize 
de Dunkerque, and also Tavernier and Moormann 
are of the opinion that peat formation in Belgium 
requires first a regression and then a rise of the 
water table, caused by a rise of the sealevel. Since 
Mr. Bennema also admits a "minor drop” of the 
sealevel, his views are less revolutionary than they 
appear at first sight. 

The Subboreal must have been a dry period, as 


evidenced by Weber's „Grenz'layer. This dryness 
must have caused local shifts in vegetation Zzones 
(wood taking the place of peats, heather of woods 
and sand dritt of heather), but these shifts are not 
clearly marked in pollen diagrams owing to the 
wide distribution of pollen grains, 


Prof. Kuenen (Groningen) is not quite satisfied 
witn Mir, Bennemas curve, as it does not show a 
sealevel higher than the present one, which is 
necessary to explain the platforms on Pacific atolls 
and other reefs. 


Mr. Bennema, in his reply to Prof. Kuenen, 
suggests a general rise of the continents and islands 
around the oceans as belated isostatic reaction to 
the changes of water level. This should have con- 
tinued over a vertical distance of a few metres 
atter the rise of sealevel had slowed down. 


In answer to Prof. Florschütz’ observations, 
Mr. Bennema remarks that in accordance with the 
ideas of Mr. van Bendegom, the extension of peat 
growth can also be explained by a retardation of 
tne rise of the sealevel and a decrease in the effect 
of the tides behind a shore bar, and does not require 
a fall of the sealevel. Once reed has settled on a 
tidal flat, other vegetation can follow, the growing 
peat affording a protection against the water, so 
that more peat can grow. It only requires a nearly 
closed shore bar. Where the shore bar was inter- 
rupted by wider gaps, no peat occurs, as e.g. in 
the Friesland area studied by Prof. Bakker. 


So-called regressions in surrounding countries 
often are not contemporaneous with the beginning 
of the formation of peat and the supposed regression 
in Holland. Godwin's assumed regression coincides 
with the end of the Cardium transgression. More- 
over his conclusions are founded on the wrong 
supposition that peat is subject to weathering, not 
to compaction, and that the gullies in the Fenlands 
are not deeper than the sealevel at low tide. Over- 
beck’s regression may be considered as two or three 
minor regressions taken as one, and Nilsson’'s 
regressions are admittedly doubtful. Neither can 
drier horizons in peats far from the sea be used as 
arguments for a regression, and moreover it appears 
that drier recurrence-layers in the peat of the 
Eastern Netherlands do not have the same age. 


On the other hand observations made by Bakker, 
Wiggers, Dittmer (in Slesvig-Holstein), and more 
or less those by Mikkelsen seem to confirm Mr. 
Bennema’'s opinion. 

Prof. Mac Gillavry (Amsterdam) adds that also 
the phenomena at the Gulf Coast strongly speak 
against a regression. 


Mr. Moormann (Ghent) is in favour of a slight 
fall of the sealevel, coinciding with the beginning 
of peat growth, though peat growth in itself need 
not be indicative of a lower sea level. He observes 
that in some places peat growth did not start with 
reed but with low lying wood peat (Stockmans, 
Van Hoorne), which can hardly be explained with- 
out assuming some lowering of the sealevel. 


Mr. Bennema replies that the effect of tides was 
shut out by the shore bar, and that a drop of the 
sealevel cannot be observed; but a slight lowering 
may have occurred. 
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Mr. Edelman (Public Works Dept.) observes 
that the inner shore bar or older dune ridge, which 
is the oldest, is at the same time the lowest, and 
that the further seaward the bars are situated, the 
younger and higher they are. This fact is in favour 
of a continuously rising sealevel. 


Prof. Bakker (Amsterdam) thinks that during 
periods of glacier advance the rivers contained less 
water, so that the sea could more easily penetrate 
into the estuaries. Therefore extension of marine 
sediments need not necessarily indicate a rise of 
sealevel. 

Furthermore he observes that, besides the 500- 
years periodicity, there are also indications in favour 
of a periodicity with an interval of 1000 to 1050 
years, as formerly assumed by Mr. W. C. Visser. 
It seems that the sedimentation periods of 200—100 
B.C. and 800-1000 A.D. were less important and 
shorter than those of about 400 A.D. and 1200— 
1500 A.D. If this could be more generally applied, 
it would mean that the present period of floods 
(since 1750) belongs to the shorter ones. 


Prof. MacGillavry (Amsterdam) remarks that 
the present tectonic subsidence appears to be of the 


order of magnitude of I mm per annum, which is 
more or less the same as ‘that computed for the 
Pleistocene. He has, therefore, an idea that Mr. 
Bennema’s curve is much more due to tectonic 
subsidence than to eustatic rise of sealevel. 


Mr. Wemelsfelder (Public Works Dept.), for 
practical purposes, would like to have a figure for 
the most probable relative rise of sealevel in this 
country. He assumes that all figures, arrived at 
from different observations, and computed into a 
graph, would result in a frequency curve, the top 
of which would indicate the most probable figure, 
for instance 20 cm per century. 


Dr. Pannekoek (Geol. Survey) is not in favour 
of this method, as the value of each figure is deter- 
mined by the strength of the arguments and 
reasonings on which it is based. Therefore the 
figures are not comparable. Moreover, there will 
probably be a number of figures with almost equal 
probability, which may vary between say 5 and 
30 cm per century, and they need not be the same 
at different places; for practical purposes the highest 
probable (not possible) figure should be taken, with 
a certain safety factor added to it. 
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Now that, at the end of this symposium, its 
results have to be evaluated, I will go back to 
1939, when a meeting on the same subject was 
held by this society, and I should like to con- 
sider the following two questions: what new 
data are available now, which were still un- 
known in 1939; and in how far are the results 
different from those of 1939? 

As to the first question, it appears that 
during the intervening 15 years indeed a great 
number of new facts, in nearly every field, 
have become known, which may throw a light 
on the problem involved. They can be grouped 
according to the three main factors controlling 
changes of level, viz. (1) movements of the 
sealevel, (2) tectonic subsidence, and (3) 
compaction. 

(1) Important information on the relative 
heichtiofthe sealevel and its 
changes has been derived from tlıe geology of 
Holocene deposits, in which field many 
achievements have been obtained during the 
last 10 years. Careful field studies by soil 
scientists, geologists and geographers have 
greatly increased our knowledge of the various 
modes of sedimentation and the succession of 
these deposits, in the Netherlands as well as 
in the neighbouring countries. Dating methods 
have been improved through the further 
development of pollen analysis, micropaleon- 
tology, archeology and lately radiocarbon 
dating. Therefore, more can be said now on 
the relative height of the sealevel during the 
course of the Holocn than in 1939. 

Also the views on the problem of eustatism 
in general have changed since 1939. The 
validity of Daly’s 6 m fall of sealevel in Recent 
times is now open to doubt, though many 
authors still accept a sealevel of some 2,0L 9 
above the present one during that time. Glacio- 
logical and climatological work, especially in 
polar regions, has already given some clue for 


present and perhaps even future eustatic 
changes, though much more work, in which 
glaciologists, climatologists, oceanographers 


and geophysicists should cooperate, remains to 


1 Geological Survey of the Netherlands, Haarlem. 


be done in order to arrive at more generally 
accepted conclusions. 

The interpretation of tide gauge readings 
has improved in so far that they are now 
evaluated more critically, and that possible 
sources of errors are more carefully considered. 
Moreover, the figures obtained in this country 
are comparable now with compilations of tide 
gauge readings all over the world. 

(2) Since 1939 much more information has 
also become available about the tectonic 
element in the relative subsidence of our 
country. Our knowledge of depth, facies 
changes and tectonic movements of the depo- 
sits in the subsurface has increased, so that 
somewhat more can be said now on the 
character of the tectonic movements. But also 
in this field more data are needed to ascertain 
how quickly and in what respect tectonic 
movements may change. 

The results of the levellings of 1926/40 have 
now become known, and a comparison with 
those of 1875/87 allows of some preliminary 
conclusions with regard to the latest move- 
ments, though these data are still encumbered 
with many uncertainties as well. They also can 
throw a light on the question at what rate and 
in which sense tectonic movements change in 
the course of time. 

The problem of the tectonic movements has 
also been approached from the geophysical 
side, though the conclusions from geophysical 
observations and theories are still open to 
doubt. 

(3) The third factor determining changes in 
level of the countryis compaction of 
sediments. In this field remarkable progress has 
been made. New experiments and techniques 
in soil mechanics have substantially altered the 
figures for compaction available in 1939, At 
the same time important data on the amount 
of compaction have resulted from field work 
on Holocene sediments, from observations in 
reclamation areas and from the study of more 
consolidated rocks. 


| have now come to the second question, 
that of the positive results. Perhaps the 


266 


audience expects me to give one definite figure 
for the present and even future relative 
movements of this country. Such figure, how- 
ever, can not yet be fixed at present, in the 
first place because too many factors, varying 
locally, are involved, and secondly because it 
would depend on a personal evaluation of the 
effect of these factors and would have no 
greater value than any other estimate. I can 
say no more than that the probable figure will 
be anything between 5 and 30 cm relative sub- 
sidence per century, which is not any more 
accurate than the figures obtained in 1939. 
I must therefore review critically the main 
elements determining changes of level. 

In comparing these elements, it seems to me 
that compaction is one, which at present 
is best known, owing to the new figures avail- 
able since 1939. Though much remains to be 
done in the future, it can at least more or less 
be predicted, and the limits between which it 
will vary can be estimated. It can for some time 
and at a given place greatly exceed the effect 
of the other factors, but it will rapidly diminish 
to moderate values, not passing certain limits. 

The tectonic element is more difficult 
to estimate and still more to predict. It has 
been evaluated by some authors at a relatively 
small figure, of say a few cm per century, 
though levellings seem to indicate a higher 
value for the tilt, in the order of magnitude of 
10 cm per century over the whole length of 
the country. It is often assumed to be a gradual 
and continuous process. This may indeed be 
the most probable assumption, but variations in 
the rate of movement are also possible, and the 
regions where the maximum of subsidence 
occurs may equally vary. From geophysical 
theory a future decrease and even standstill in 
subsidence have been calculated, but the 
assumptions are still questionable, and the cal- 
culated effect may be counteracted by other 
tectonic processes. Only repeated levellings 
with stable bench marks, besides further 
development of tectonic and geophysical theo- 
ty, may in future yield more reliable results. 

On the relative changes of sealevel 
there is still difference of opinion. Remarkable 
results have been obtained independently by 
some authors, which led them to presume an 
uninterrupted rise of the sealevel since Late 
Glacial times, the curve of which is gradually 
slowing down. Minor variations may be super- 
imposed on it by periodical climatic events, 


which may either cause true varlations in sea- 
level, or else, through changes in atmospheric 
circulation, increase: of storminess, variations 
in tides etc., may simulate locally a rise in 
sealevel. 

Tide gauge readings, in this country and all 
over the world, seem to indicate a much 
stronger rise of sealevel than would appear 
from the computed curve. This might be due 
to one of those minor variations, but there is 
no proof for it. 


Various authors, on the other hand, still 
favour a higher sealevel at some time during 
the Holocene, and a drop in sealevel in 
the Subboreal, which is at variance with the 
computed curve. However, as the "minor" 
periodical fluctuations may vary in their am- 
plitude, and may have been greater than 
assumed, the standpoints of the two groups are 
perhaps less far apart as they appear to be. 


As to a prediction of future changes, very 
great caution should be observed. Slight in- 
dications have led some members of the 
audience to an optimistic view: the above 
mentioned curve seems indeed to indicate a 
gradual decrease in the rise of the sealevel in 
the long run, and some recent tide gauge 
readings in this country, and climatological 
observations in boreal regions show very slight 
indications of a decrease in rise during the 
last decade. This, however, may be the ex- 
pression of a minor or accidental oscillation of 
the computed curve, and there is nothing to 
prevent the curve to rise again. 


The crucial problems, as a matter of fact, 
lie in the glaciated areas in polar regions and 
ultimately in the variations in solar radiation 
and their effect on the earth. Further research 
into these problems is indespensable. 


For practical purposes it would be inadvisable 
to count on slight indications of a change for 
the better. At present the sealevel is still rising 
and the land is still sinking, and probably this 
will go on for centuries to come. It may end 
at some future date, but a change for the 
worse is equally possible. This possibility has 
to be taken into account in the projects for 
defending our country against the sea. We 
trust that modern engineering is capable of 
facing this menace, provided that the defence 
is taken up by the nation as a whole on a grand 
scale, in order to safeguard this country for 
many centuries to come. 
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RECOMMENDATIONS 


After the conclusion of the symposium the 
following recommendations were discussed 
and adopted. 

(1) It is decommended that in future re- 
searches in polar regions, made preferably by 
international cooperation, as many glaciolo- 
gical, meteorological and oceanographical data 
as possible be collected in order to arrive at 
a better understanding of eustatic movements 
of the sealevel. 

(2) Interest in glacio-geological research 
should be stimulated in the Netherlands, and 
possibilities for Dutch scientists to partake in 
glacio-geological research should be examined. 


(3) Interest in problems of sedimentation 
on the Gulf Coast and similar regions should 
be stimulated in this country, and American 
and other specialists should be invited to 
lecture on those regions. 

(4) The desirability and possibility to repeat 
Milankovitch's and Gamow’s calculations on 
former and future fluctuations in radiation 
should be considered. The same applies to 
Niskanen’s calculation on the postglacial rise 
of Scandinavia, 


(5) It is recommended that tide gauges for 
determining the relative subsidence should be 
established along the Netherland’s coast. 
These should not be periodically corrected. 
These tide gauges should be placed at various 
points (in the South, middle and North of the 
country) in order to check differential sub- 
sidence. At the same time a suitable zero point, 
not subject to compaction, should be consi- 
dered. 


(6) Abandoned oil boring sites should be 
used in future levellings, and the number of 
bench marks with stable foundations should 
be extended. 


(7) Levellings should be made at intervals 
shorter than 20 years, and in determining the 
lines the geological conditions should be 
considered. 


(8) Further development and extension of 
radiocarbon dating is recommended. 


(9) It is recommended that research in the 
tidal flat area of this country should be 
continued and the results compared with those 
gained in other countries. 


PRODUCTIECHFERS VAN NEDERLANDSE DELFSTOFFEN 
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yaaud Januari Februari Maart 

ns 1954 1954 1954 
NEDERLANDSE STEENKOLENMIJNEN 
Maandproductie kolen, in tonnen . i 1 024 706 1 011 138 954 192 1 043 244 
Gem. productie per gewerkte dag, in tonnen . 40 446 39 758 38 639 
Gem. productie per 8-urige werkdag, in tonnen 43 027 41851 40 436 
Totaal aantal verrichte diensten o.g. (per mnd.) 653 929 663 822 640 780 701 536 
Netto productie industriebriketten, in tonnen . 5 349 3709 3 583 4.000 
Netto productie eierbriketten, in tonnen . 70017 54 623 64 806 72.064 
Productie cokes, in tonnen 203 762 211 600 192 400 206 052 
Productie kunstmest, in tonnen . 11 296 12 359 10 179 11 660 
Productie electriciteit, in kWh . 121 537 060 123 830 750 | 112428 107 | 123 833 617 
Cokesovengas 81 219 83 440 76 845 83 963 
Generatorgas 7 TREE 578 8 082 6 161 9532 
NEDERLANDSE AARDOLIE MAATSCHAPPIJ 
Productie van aardolie, in kg tonnen . 67 521 46 158 62 580 73 805 
KON. NEDERLANDSE ZOUTINDUSTRIE 


Productie van zout, in tonnen . » » . . -| 


34 100 20 860 32599 


BO ER Ka BES ERBESEER 


H. von Philipsborn, Tafeln zum Bestim- 
men der Minerale nach äusseren Kenn- 
zeichen. XXVII + 244 S,, mit 289 kristall- 
bildern auf 107 Tat, und I -iextapp. E: 
Schweizerbart'sche Verlagsbuchhandlung 
(Erwin Nägele): Stuttgart, 1953. Prijs geb. 
DM 17.—. 


De tabellen voor het determineren van mine- 
ralen van von Philipsborn zijn opgedragen aan 
ziin voorgangers Weisbach en Kollbeck. Tussen 
de jaren 1866 en 1923 verschenen dertien druk- 
ken van de tabellen van deze hoogleraren en ook 
in Nederland hebben talrijke generaties van stu- 
denten bij het microscopisch determineren en 
het blaaspijponderzoek van mineralen intensief 
gebruik gemaakt van dit nuttige boekje met de 
gemakkelijk te hanteren tabellen. 

Het werk van von Ph. is in feite een nieuwe 
uitgave van deze tabellen. Het voornaamste deel 
(p. 1--167) van het boek zijn de „hoofdtabellen”, 
die evenals bij Weisbach-Kollbeck gebaseerd zijn 
op bepaalde physische eigenschappen van de 
mineralen: glans, Kleur, streep en hardheid, Bij 
de hoofdindeling van deze tabellen naar de glans, 
noemt schr. de derde groep niet langer meer 
„gemeinglänzende” mineralen, doch in overeen- 
stemming met het algemeen gebruik ‚„mineralen 
zonder metaalglans”, De indeling van de kolom- 
men, waarin de eigenschappen, samenstelling, 
paragenese, ontstaan en mineralen waarmee ge- 
vaar voor verwarring bestaat, bij elk mineraal 
worden opgesomd, zijn nagenoeg dezelfde als bij 
Weisbach-Kollbeck. Bij het vergelijken bljkt 
echter dat schr. dit onderdeel geheel opnieuw 
heeft bewerkt. Het aantal mineralen in deze 
tabellen is thans 586. De hoofdtabellen worden 
voorafgegaan door een inleiding waarin de eigen- 
schappen, die bij het determineren van belang 
zijn worden besproken. 

‚In de drie hulptabellen, die hierna volgen zijn 
de mineralen gerangschikt naar de morfologische, 
chemische en microscopische eigenschappen. 
De morfologische tabel is gesplitst in twee delen: 
naar de vorm van de kristallen en naar die van 
de aggregaten. Op tien platen zijn 289 eenheids- 
vormen, combinaties en tweelingen afgebeeld, zo- 
als die bij mineralen in de natuur kunnen worden 
aangetroffen. 

In de chemische hulptabel is voor 54, alfabetisch 
gerangschikte elementen beschreven op welke 
wijze elk element met behulp van druppelreacties 
en mikrochemie kan worden aangetoond. Van 
veel mineralen, waarin het betreffende element 
een hoofdbestanddeel vormt, wordt beschreven 
hoe het mineraal kan worden ontsloten en het 
element vervolgens kan worden aangetoond. Het 
is te betreuren dat dit niet consequent is door- 
gevoerd. Bij deze hulptabel zou een volledige 
opgave van de wijzen van ontsluiting van elk 
mineraal op zijn plaats zijn. Zo vindt men bijv, 
bij calcium, dat het element kan worden aange- 
toond met zwavelzuur als gips of als hemihydraat. 
Hoe de reactie moet worden uitgevoerd bij een 
in zuren onoplosbaar silikaat wordt echter niet 
behandeld. Voor sommige elementen bestaan 
betere mikrochemische methoden als hier aan- 
gegeven. Dit betreft o.a. tantaal en nioob, die 
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mikrochemisch heel wat eleganter kunnen wor- 
den aangetoond dan schr, doet. Uit dit onderdeel 
blijkt dat schr. de standaardwerken van Behrens- 
Kley en van Short niet kent. Deze werken ont- 
breken dan ook in de literatuurlijst op p. XXV. 

In de chemische hulptabel vindt men een vol- 
ledige handleiding voor het blaaspijponderzoek 
van mineralen; oplosbaarheid in water en zuren; 
gedrag bij verhitten in gesloten en open buisjes; 
gedrag op kool met de blaaspijp: vlamkleur en 
parels. Een practische tabel besluit dit onderdeel: 
een tabel waarin de mineralen zijn gerangschikt 
naar de chemische samenstelling. Wanneer een 
bepaald element is aangetoond kan met behulp 
van deze tabel worden nagegaan welke andere 
elementen nog aanwezig kunnen zijn. 

In de derde hulptabel zijn de mineralen ver- 
deeld in isotrope en anisotrope en gerangschikt 
naar opklimmende brekingsindex. Het is te waar- 
deren dat schr. de vloeistoffen, die men bij dit 
onderzoek gebruikt met hun brekingsindices 
tussen de mineralen heeft geplaatst. Merkwaar- 
dig is dat wel het blaaspijponderzoek volledig is 
behandeld, doch dat een beschrijving of hand- 
leiding voor het microscopisch onderzoek ont- 
breekt. 

Zowel in de hoofdtabel als in de overige tabel- 
len ziin de mineralen doorlopend genummerd. 
In elke tabel worden zonodig de nummers van 
het mineraal in de andere tabellen gegeven, het- 
geen veel tijd spaart bij het werken met deze 
tabellen, 

Reeds twee werken zijn genoemd die in de 
literatuurlijjst ontbreken. Hieraan moeten wor- 
den toegevoegd die van Plattner en van Brush- 
Penfield, die hoewel oud, nog niet verouderd zijn. 

In een volgende druk zou het aanbeveling ver- 
dienen ook hulptabellen te geven waarin de 
mineralen zijn gerangschikt naar soortelijk ge- 
wicht en naar electro-magnetisme, twee eigen- 
schappen, die in de practijk bij het determineren 
van mineralen veel toepassing vinden. Zoals schr. 
in zijn voorrede opmerkt is het boek niet alleen 
bestemd voor studerenden en vakmensen, doch 
ook voor hen die uit liefhebberij mineralen ver- 
zamelen. 

Het werk van von Philipsborn zal zonder twij- 
fel ziin weg vinden. Het vormt een waardige 
voortzetting van de oude Weisbach-Kollbeck, dat 
ziin bruikbaarheid heeft bewezen, Evenals bij 
dit laatste vereist gebruik van het boek echter 
oefening. 

J. ter Meulen 


Oskar Kuhn: Paläogeographie des deut- 
schen Jura. vi + 74 S. mit 34 Abb. im 
Text. VEB Gustav Fischer Verlag: Jena, 
1953. Prijs ingen. DM 7.20. 


Dit kleine boekje, dat naar omvang en stijl 
wel een hoofdstuk uit een uitvoerig boek had 
kunnen zijn — zo is het hoofdstuk over de Jura 
in Haug’s Traite de geologie ruim drie maal zo 
dik, maar dat heeft dan ook betrekking op de 
gehele aarde — sgeeft, &tage voor etage, een 
overzicht van de Jura-afzettingen in Duitsland, 
verlucht met een groot aantal schetskaartjes, die 


de palaeogeografie de facies- en de dikteverhou- 
dingen weergeven. Door de vroegere onderzoe- 
kingen van Quenstedt, Oppel, Neumayer, Uhlig 
en Pompekj bezitten vooral de jurassische af- 
zettingen in Zuid-Duitsland een zekere klassieke 
vermaardheid. Door hun rijkdom aan goed be- 
waarde fossielen zijn zij veelvuldig een geliefd- 
koosd onderwerp voor biostratigrafische onder- 
zoekingen geweest. In latere tijd zijn ook de 
overeenkomstige afzettingen in Noord-Duitsland 
beter bekend geworden, ten dele door boringen, 
zodat deze samenvatting nogal wat nieuwe ge- 
zichtspunten onthult, die uit de tot dusverre 
gepubliceerde detailstudies niet direct naar voren 
kwamen. Over het geheel genomen hebben we 
hier dan ook te doen met een geslaagde poging 
om de palaeogeografische ontwikkeling van een 
beperkt gebied in &en bepaalde periode te 
reconstrueren. Een dergelijke poging verdient 
navolging, waarbij men zich kan spiegelen aan 
de tekortkomingen van de onderhavige studie. 
Het boekje heeft nl. &en groot bezwaar: het is — 
zeldzaam verschijnsel bij Duitse schrijvers — 
veel te beknopt. 
De schrijver poneert herhaaldelijk stellingen, 
“ die berusten op gegevens uit andere onderzoe- 
kingen, of zelfs al weer op een combinatie van 
zulke gegevens, zonder op de argumenten in te 
gaan of zonder de bronnen te noemen. Op zijn 
best worden andere schrijvers aangehaald met 
jaartal, maar ook dat niet altijd. Een literatuur- 
lijst ontbreekt, zodat men slechts met moeizaam 
zoeken in een refereerblad de bronnen kan op- 
sporen en dan zelf nog de waarde van de gege- 
vens tegen elkaar af mag wegen. Beknoptheid 
is prijzenswaardig, maar men kan ook daarin 
te ver gaan. Wie zich niet laat afschrikken, zal 
zijn moeite echter beloond zien. 
A. Br. 


Erdölgeologische Untersuchungen in der 
Schweiz: IV Teil, von H. M. Schuppli, 
mit einem Beitrag von F. Hofmann, (Bei- 
träge zur Geologie der Schweiz, Geotech- 
nische Serie, Lieferung 26, Teil 4) 79 S., 
6 Fig., 4 Taf, Kommissionsverlag: Küm- 
merly & Frey, Geographischer Verlag: 
Bern, 1952. 


Dit vierde deel van de geologische onder- 
zoekingen naar aardolie in het Molasse-bekken 
sluit tegelijkertijd deze reeks van publicaties af, 
die ons uit algemeen geologisch oogpunt gezien 
een bijzonder waardevolle en degelijke beschrij- 
ving van de geologie van het Molasse-bekken 
gegeven hebben. Het korte Engelse overzicht van 
het geheel der onderzoekingen, dat aan dit laat- 
ste deel is toegevoegd, is in dit opzicht bijzonder 
waardevol. 

In dit laatste deel wordt eerst door Schuppli 
de zeer gecompliceerde bouw van de subalpiene 
molasse, d.w.z. de sterk gebroken, opgeschoven 
en verplooide zuidrand van het Molasse-bekken, 
waar de oligocene en miocene series het dikst 
zijn, beschreven. Tenslotte wordt door Schuppli 
het oostelijkste deel van het Molasse-bekken, 
oostelijk van de lin Solothurn— Thun behandeld. 
Aangezien hier de ontsluitingen minder talrijk 
zijn en oliegeologisch minder gunstige aanwij- 
zingen aanwezig waren, iS dit stuk in zijn geheel 
behandeld en hoofdzakelijk aan de hand van een 
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literatuurstudie. Hofmann geeft dan nog eens 
een overzicht van het gehele oostelijke gebied. 

Bijzonder opvallend is de breuktektoniek, die 
zich in het bekken ten oosten van Zürich open- 
baart, en waarvan de Bodensee-slenk het belang- 
rijkste breukgebied is. Het staat natuurlijjk in 
nauw verband met de zuidelijke be&indiging 
van de Rijndalslenk. 

Zeer duidelijke kaarten, tektonische en strati- 
graphische profielen zijn aan het werk toege- 
voegd. 

Moge onze Nederlandse, zoveel succesvollere 
onderzoekingen naar olie, ook nog eens een zo 
degelijke, openbare reportage te beurt vallen. 


L. U. de Sitter 


Introduction & la lecture des cartes geolo- 
giques, par A Bonte, 2e Ed. 277 p., 113 
fig, 8 pl. Masson & Cie.: Paris, 1953. 
ingen. 1600 Fr. 


De tweede druk van dit nuttige werk is ver- 
schenen. Tot mijn spijt moet ik constateren dat 
vele fouten, die de eerste editie aankleefden, niet 
verbeterd zijn. Dat de tekeningen, die een zeer 
belangrijk deel van de stof zijn, de bekende 
Franse technische slordigheid bezitten, is tot daar 
aan toe, maar dat dergelijke geologisch foute 
tekeningen als fig. 72 niet gecorrigeerd zijn, is 
jammer. (De scherpe plooiing van de discordante 
formatie heeft nöch op het kaartje nöch in het 
profiel enige invloed op de ondergrond gehad en 
het profiel geeft een onjuist beeld van het kaartje, 
doordat hier de scherpe plooiing door een ronde 
plooiing is vervangen). De toevoegingen: een 
hoofdstukje over de constructie van blokdiagram- 
men en &äen over het gebruik van luchtphoto’s, 
zijn beide incompleet, vooral het laatste. Dit alles 
neemt niet weg dat het boek bruikbaar is en de 
toekomstige Franse veldgeoloog een behoorlijke 
leidraad geeft. Voor het buitenland is het minder 
geschikt, omdat het geheel op de Franse kaarten 
is georienteerd. 

L. U. de Sitter 


Klockmann’s Lehrbuch der Mineralogie, 
neu herausgeg. von Paul Ramdohr. 14. 
umgearb. Auflage. 669 S. mit 687 Abb,, 
ı Taf. und zahlr. Tab. Ferd. Enke Verlag: 
Stuttgart, 1954. Prijs ingen. DM 65.—, geb. 
DM 69.—. 


De veertiende druk van het bekende werk van 
Klockmann, evenals de drie vorige drukken, be- 
werkt door prof. Ramdohr, blijkt over het geheel 
genomen weinig ingrijpende veranderingen te 
hebben ondergaan in vergelijking met de der- 
tiende, die in het Juli-nummer van 1950 van 
G. en M. werd besproken. 

Enkele van de belangrijkste verschillen zijn 
o.a. de volgende. In het algemene deel is de tabel 
van de ruimtegroepen aanzienlijk uitgebreid. Be- 
halve de symbolen van Schoenflies worden ook 
die van Hermann-Mauguin gegeven. In het bij- 
zondere deel zijn alleen de symbolen van Schoen- 
flies aangehouden. 

De bespreking van de bouw, morfologie en 
regelmatige vergroeiingen van mineralen blijkt 
bij vergelijking met de vorige druk veel minder 
ingrijpend dan men uit het voorwoord zZou Ver- 
wachten. Daarentegen is de paragraaf over de 
krachten, die de deeltjes in kristallen bijeen hou- 
den, gemoderniseerd. 
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Bij de beschrijving van de mineralen zijn de 
hoofdbrekingsindices van tweeassige mineralen 
thans aangeduid als n, n, en n, in plaats van 
met a, ß, y, zoals in de vorige druk. Enigszins 
verwarrend is, dat in het algemene deel deze 
verandering niet is ingevoerd. 

Het zou aanbeveling verdienen in een volgende 
druk de paragraaf over dispersie van de optische 
assen bij rhombische, monokline en trikliene 
kristallen aan te vullen met figuren, waarin de 
symmetrieverdeling van de uittredingspunten van 
de optische assen voor verschillende kleuren wat 
duidelijker is aangegeven. Dispersie van de 
lemniscaten, zoals die is aangegeven in de figuren, 
die nog uit de „oude” Klockmann zijn overge- 
nomen, kan nagenoeg nooit worden waargenomen. 


De paragraaf over het chemische onderzoek 
van mineralen is aanzienlijk ingekort; het register 
van beroemde vindplaatsen van mineralen met 
de opsomming van de mineralen, die er worden 
aangetroffen, is uitgebreid van 81 tot 93 blz. 

In het tweede deel, waarin de afzonderlijke 
mineralen worden beschreven (ingedeeld volgens 
Strunz) wordt bij de beschrijving van de bouw, 
waar mogelijk, gewezen op mineralen met over- 
eenkomstige bouwtypen. 

De nieuwe druk is aangevuld met een aantal 
meer zeldzame mineralen, waarvan een zeer be- 
Knopte opsomming van de belangrijkste eigen- 


schappen wordt gegeven, die voor een deel ont- 
leend zijn aan het tweede deel van de nieuwe 
Dana. Uit de aard der zaak zou het niet moeilijk 
zijn bij een dergelijk omvangrijk werk een aantal 
omissies aan te wijzen. Zo zou men bijv. bij 
thucholiet gaarne vermeld zien, dat enkele jaren 
geleden enorme hoeveelheden van dit strategisch 
zo belangrijke mineraal in Zuid-Afrika werden 
aangetoond. 

Uit alles blijkt, dat prof. Ramdohr zeer con- 
scientieus getracht heeft het boek up to date te 
houden. Er is nauwelijks een bladzijde, waarop 
niet een of andere aanvulling of verbetering 
werd aangebracht. 


De grote verdienste van Ramdohr ligt echter 
vooral hierin, dat hij ondanks de soms aanzien- 
liijike veranderingen, er in geslaagd is het per- 
soonlijke stempel van de „oude” Klockmann zo 
volledig te bewaren. Zijn doel is geweest de 
lezerskring van de oude Klockmann te behouden, 
d.w.z. het boek moet niet alleen bruikbaar zijn 
voor studenten en: vakgenoten, doch ook voor 
verzamelaars en liefhebbers van mineralen. Het 
feit, dat een dergelijk kostbaar boek binnen 
enkele jaren werd uitverkocht, is wel het beste 
bewijs, dat schr. hierin geslaagd is. 


De uitvoering is veel fraaier dan de vorige 
druk, thans zelfs beter dan voor de oorlog. 


J. ter Meulen 


GE N 0:.077T- 57 C 7 HTAT.P SS Zee Re 


PERSONALIA 


Nieuwe adressen: 


BÄR, geol. drs Ch. B. — Alger, Algerie, Labora- 
toire de Geologie Appliquee, Faculte des Sciences 
(g) (gk) (tevens mutatie). 

BEUKERING, B. J. VAN — Delft, Binnenwater- 
sloot 18. (bg) (M.V.D.) 


BEYAERT, A. S. A. — Utrecht, Obrechtstraat IB. 


(g) 

COTTAAR, m.i. Ir. M. J. A. — Heerlen, Mgr. 
Schrünenstr. 11. (m) 

CREUTZBERG, D. — 's-Gravenhage, Mesdag- 
straat 92. (g) 

HELMIG, H. M. — 's-Gravenhage, Stalpertstr. 73. 
(b)EL(EG.V.) 

KLOMBPE, Prof. Dr. Th. H. F. — Heerlen, Val- 
kenburgerweg 159. (g) 

LAARSCHOT, m.i. Ir. E. J. VAN DE — Kerk- 
rade, Abtenlaan 22. (m) 

AN Ir. R. — Bulawayo, South Rho- 
esia, c/o Kamativi Tin Mi Tram 2.ON 
2 a {R ines Box 

RIDDER, phys. geogr. drs, N. A. DE — Gro- 
ningen, Verlengde Oosterweg 122, p/a Land- 
en en Bodemkundig Instituut 

SCHEEN, Dr. W. L. — Qatar (via Bahrein), Per- 
en Gulf, c/o The Shell Cy of Qatar Fe = 
g 

SCHUITEMAKER, N.V. KNT. — Ede, Detmar- 
laan 15. (bg) 


SCHUMACHER, Dr. J. P. — Houston 2, Texas, 
340 Esperson Building. (g) 

TERPSTRA, geol. drs. G. J. R. — Bendigo, Vic- 
toria, Australie, Millewa House, Kangaroo Flat, 
Melbourne Highway. (g) 

VERBRAECK, geol. drs. A. — Owerri, Nigeria, 
c/o Shell d’Arcy Petroleum Company of Nige- 
ria, (g) 

ba Se Ir. R. Ch. — Hilversum, Torenlaan 41. 

g 

WEEHUIZEN, m.i. Ir. J. M. — Heerlen, Molen- 
berglaan 50. (m) 

WOLTHUYS, H. J. VERBEEK- — Santpoort, 
Charlotte de Bourbonlaan I. (bg) 

IZERMAN, Dr. R. — 's-Gravenhage, van Aers- 
senstraat 16. (g) 

ZWART, Dr. H. J. — Seattle, Washington, U.S.A., 
e Es of Geology, University of Washing- 
on. (g 


Mutaties: 


KOK, Ir. P. C. — 's-Gravenhage, P. h 
Van (bg) naar (b) (K) 5 a 


Bedankt: 
BRUSEKER, geol. drs. T. J. M. — (g). 
Rectificatie: 


DOPPERT, J. W. Chr. — v. d. Spiegelstraat 14, 
s-Gravenhage (i.p.v. v. d. Spiegelstr. 213). 
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University of Melbourne - Australia 


Applications are invited for a position of 
Senior Lecturer In Geology 


Duties include teaching under the general direction of the Head of the Department, 
Professor E. S. Hills, F.R S., especially in Economic Geology and Geochemistry. Prefe- 
rence will be given to applicants qualified and willing to develop research in Geochemistry. 


The salary will be £A 1,500 to £A 1,750 per annum, according to qualifications. Superannuation is si- 
milar to F.S.S.U. 


Further particulars and information as to the method of application may be obtained from the Secretary, Association of Uni- 
versities of the British Commonwealth, 5 Gordon Square, London, W.C. 1. 


The closing date for the receipt of applications, in Australia and London, is 19th JULY, 1954. 
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VAN AF HET BOORTERREIN. 
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Conrad-Stork, de bekende fabriek van boor- 
werktuigen in Haarlem, heeft een catalogus, in 
vorm en afmetingen gelijk aan een zakboekje, 
laten vervaardigen. 


Pit Digger 


Dit handige werkje bevat veel fotomateriaal, 
met enkele verklaringen en geeft daardoor een 
duidelijk inzicht omtrent de ruime keuze welke 
de relaties van Conrad-Stork ten dienste staan. 
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Conrad Stork in vogelvlucht 


Het werd een handige gids waarin men zich 
met genoegen zal orienteren. Naast de be- 
kende aantrekkelijke brochures welke Conrad- 
Stork gewend is te verspreiden vormt dit 
„Overzicht in vogelvlucht”, zoals de schrijvers 
dit boekje betitelen, een welkome aanvulling. 


De reeks wordt geopend met he: vermeiden 
van een draagbare kist met boorgereedschap, 
zoals dit door de veldgeoloog wordt gebruikt. 
Vervolgens komt men aan de bekende Conrad- 
Banka boor, welke originele handgedreven 
apparatuur bijna een eeuw lang over de ge- 
hele wereld een uitstekende reputatie wist te 
handhaven. 


In de loop der tijden deed zich echter de 
behoefte gevoelen om voor onderzoek naar 
alluviaal erts, boringen naar water, of voor 
algemeen grondonderzoek te kunnen beschik- 
ken over motorisch gedreven werktuigen, welke 
echter wat het monsternemen betreft, op de- 
zelfde goede eigenschappen konden bogen als 
de Banka-boor. 


Een eenvoudig door een motor aangedreven 
boortoestel, dat aan deze eis voldoet is de 
Conrad "Power-Pioneer”, terwijl hier ook de 
Meca-Banka, de geheel gemotoriseerde versie 
van de hand-Banka, dient te worden vermeld. 


De Conrad Pit-Digger is de gemoderniseerde 
uitvoering van het indertijd door wijlen Prof. 
Vermaes voorgestelde boorwerktuig, dat kan 
worden gebruikt om een juist inzicht te ver- 
krijgen inzake de rijkdom van de alluviale 
ertsafzettingen. Met behulp van dit boorappa- 
raat kunnen boringen van 600 mm diameter en 


ca. 50 meter diepte worden gemaakt. De 
Conrad Pit-Digger is natuurlijik ook zeer .ge- 
schikt voor het maken van drainage en water- 
putten. 
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Conrad R5 


Nog steeds wordt voor vele doeleinden het 
z.g. Cable tool boorsysteem” toegespast; 
Conrad-Stork maakt van dit "Spuddertype” 
een serie voor verschillende capaciteiten, waar- 
van het krachtigste aggregaat, dat op een 
trailer wordt gebouwd, geschikt is voor ca. 
1000 m diepte. Dit systeem kan ook met het 
rotary-systeem in &en en dezelfde machine 
worden verenigd, in welk geval ook een door 
een dieselmotor aangedreven spoelpomp tot de 
uitrusting behoort. 

Conrad-Stork heeft zich ook gespecialiseerd 
in het vervaardigen van boorapparaten voor 
het boren van schietgaten ten dienste van het 
Seismologisch onderzoek van olieterreinen. De 
zwaardere typen van deze machines zijn ge- 
monteerd op een autochassis, waarbij de motor 
van het chassis ook de drijfkracht levert voor 


het boorwerktuig en de pomp; voor verschil- 
lende functies is tevens hydraulische aandrij- 
ving toegepast. - . 

De Conrad "Solite” boor is een bijzonder 


Coprad SMII 


licht geconstrueerde machine ten dienste van 
Seismisch werk in de "jungle”; het boorwerk- 
tuig weegt slechts 225 kg, de spoelpomp met 
motor 130 kg. De machine kan in 15 minuten 
in draagbare onderdelen worden gedemonteerd. 


Voor exploratieboringen naar olie of gas 
komen vooral de Conrad-"counterflush’ kern- 
boorwerktuigen in aanmerking; deze worden 
geleverd voor verschillende diepten tot 1200 
meter. Ook de daarbij te gebruiken boorge- 
reedschappen zijn in het boekje opgenomen. 


Ten slotte willen wij nog even wijzen op de 
Conrad diamant kernboormachines, zowel voor 
bovengrondse boringen als voor boringen in 
mijngangen, en op de afbeeldingen van spoel- 


pompen voor grotere en kleinere boorinstal- 
laties, 
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GROTE PETROLEUMHAVEN 


Ruim 10 km ten Westen van Aden verrijst 
op een schiereilandje „Klein Aden” 's Werelds 
grootste Olieraffinaderij, die bestemd is voor 
de Anglo-Iranian Oil Company, zo schrijft 
men in het „Vaderland’. 


Op een oppervlakte van ca. 109 ha wordt 
momenteel door 14.400 arbeidskrachten ge- 
werkt. Hieronder bevinden zich 1700 Engelsen 
en Amerikanen en meer dan 10.000 locale 
krachten. 


17 Maanden geleden werd met het grote 
werk aangevangen en nu is 60 % gereed. Het 
ligt in de bedoeling de raffinaderij tegen het 
einde van dit jaar in bedrijf te stellen. 


Er zullen 101 olie-opslagtanks worden ge- 
plaatst, hiervan zijn er nu 23 gereed. 30 Andere 
in de raffinaderij en 2 in de haven zijn reeds 
in een vergevorderd stadium. 


De grootste tank, die ontworpen is voor 
ruwe olie, zal 28.000 ton kunnen bevatten. De 
tanks, die bestemd zijn voor de opslag van 


benzine, petroleum enz. zullen met een 


KONINKLIJKE 
LAK-, VERNIS- EN VERFFABRIEK 


MOLYN a C°! 


ROTTERDAM 


„floatingroof” (verstelbaar dak) worden uit- 
gevoerd. 

De werkzaamheden in de oliehaven, die 
wordt ingericht om vier tankers, met een in- 
houd van 32.000 ton elk, gelijktijdig te kunnen 
behandelen, vorderen snel. 

Er is reeds meer dan 764.500 m? rotsgrond 
afgegraven van de in de nabijheid liggende 
vulcanische heuvels en gestort voor de perma- 
nente havenwerken, welke o.a. een dijk van 
2.743 meter en een havenhoofd van 1.219 meter 
omvatten. Voor dit gehele havenplan heeft 
men in totaal 917.400 m? rotsgrond nodig. 

Het zand, verkregen door de 3 baggermolens, 
die de haven en de toegangsvaargeul uitdiepen, 
wordt tussen de dijk en het havenhoofd gespo- 
ten, waardoor rum 80 ha aan land wordt 
gewonnen. Hierop heeft men reeds verschil- 
lende tanks voor de opslag van de aardolie- 
producten gebouwd. Naar schatting moet 
4.587.000 m? zand worden uitgebaggerd, waar- 
van in het afgelopen jaar reeds 3.440.250 m? 
naar boven kwam. 
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KON. F* PENN & BAUDUIN 


DORDRECHT 


CONSTRUCTIEWERKPLAATSEN 
MACH. BOUW - IZERGIETERI) 


TRANSPORTINSTALLATIES 


STAALBOUW APPARATEN 


HIJSWERKTUIGEN 


BAUM 
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Zeven voor de grofste tot de fijnste scheiding 


De "SYMONS PATENT ROD DECK 
SCREEN” is een klasseerzeef met groot 
nuttig effect. Het zeefoppervlak wordt ge- 
vormd door staven van verenstaal in plaats 
van het gebruikelijke zeefgaas of de geper- 
foreerde plaat. Bij zeer grote toevoer van 
nat of droog materiaal kan een buitenge- 
wone capakciteit worden bereikt. 


Door de lange levensduur van de stalen 
staven ziin de onderhoudskosten van het 
zeefvlak bijzonder laag, waardoor ook de 


zeefkosten per ton miniem zijn. 


SYMONS ZEVEN 
5 FABRIKAAT VAN NORDBERG 


HEAD OFFICE: MILWAUKEE, MANUFACTURING COMPANY 
WISCONSIN. U.S.A. 


19 CURZON STREET, LONDON. W. 1. ENGLAND 


DELBAG-LUFTFILTER GmbH 
BERLIN-HALENSEE + FERNRUF 977676 
DUSSELDORF-HEERDT- AMT NEUSS 2105 


“ 
für Industrie - Hygiene - Fahrzeuge 


DELBAG-Ingenieursbureau 26 
TECHNISCH BUREAU DAHLMAN 
Maasstroat 7 - Telefoon 115800 


ROTTERDAM 


r 
Vraagt geheel kosteloos 
onze speciale brochures 
Deskundige odviezen Uitvoerige offertes 
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GEWERKSCHAFT EISENHÜTTE 


WESTFALIA LÜNEN 


VERT. INGENIEURS-BUREAU „FERRUM” HEERLEN 


Wir liefern 


FERNDORF - STAHLROHRE 


schmelzgeschweiszt für Preszluft, 
Gas, Wasser, etc. von 200 mm 
.W an aufwärts, in Wandstärken 
van 5-12 mm und jeglichen Ver- 


bindungsarten 


REUSS - STAHLPANZERROHRE 


für den Blasversatz hochver- 
schleiszfest mit einem Innenpanzer 
von 210/230 kg? Festigkeit und 
Zubehör von 150 mm I.W. an 


und darüber 


EISEN-U. METALLWERKE FERNDORF 


GEBR. BENDER 
FERNDORF KREIS SIEGEN 


wesseaua LOBBE-SCHAAFPLOEG 


DE NIEUWE KOOLWINNINGS-, LAAD- EN 
TRANSPORT-MACHINE. MET EEN CAPA- 
CITEIT TOT 1000 TON PER DIENST VOOR 
LAGEN VAN 40 CM EN HOGER, BI!J EEN 
HELLING VAN 30° 

EN 16° OPWAARTS. 


BENEDENWAARTS 


- SMEED- en CONSTRUCTIEWERK 


GIET- DRAAI- en KETTINGWERK 


Förderbandrollen 


in jeder Ausführung 


| ANGE D ‚ MASCHINENFABRIK G.MEH. 
Ä WUPPERTAL tEı43359 


ORIGINAL J.D.N.- Handelsafdeling van de Machinefabriek 


STEMPELSETZGERAÄT | DEN HOLDER N.V. 


6t Hubkraft D.R.P.a. | LEIDEN — POSTBUS 87 
für alle Stempelarten Pe ee ee Ge EZ 


Apparaten voor de chemische- en 
Olieindustrie 

Gespecialiseerd op meetflenzen en 
meetplaten, alsmede A.P.l. draden 
en “Unified” draden 
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MODERNE AANDRIVINGEN 


. V-SNAARAANDRIJVINGEN 
« MOTORREDUCTOREN 


e VERTRAGINGSKASTEN 
/) e KETTINGAANDRIJVINGEN 


A. D. BOEKHOLT n.v. 


GRONINGEN - AMSTERDAM - ROTTERDAM 


WINDENFABRIK 


‚„D. NEUHAUS © 


WITTEN-HEVEN 
GEGRONDET 1769 - RUF: 2565 


DRILLS 
and 
BITS 


for all kinds of drilling operations 


Craelius 


More than 60 years experience in 


manufacturing and contract core drilling 


Svenska Diamantbergborrnings AB 


D.DRUKKER & Zn, N.V. 


WEESPERPLEIN 4 - AMSTERDAM - TELEFOON 53906-50369 


DIAMONDS 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN ED. 
AAN: G. A. TIESING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 334141 


